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TO 



THOMAS BAZLEY, ESQ., M.P., 

MANCHESTER. 



Dear Sir, — 

This first part of these researches 
on Cotton, cannot, to any one be more properly dedi- 
cated, than to him who.repf estots the great centre of 
its manufacture, and whose name is so well allied to 
social and industrial progress. 

On the part of the abseiit .Author, and with your 
permission, I therefore inscribe it to you, 

And am, faithfully yours, 

Egbert Mallet. 
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PREFACE. 



Fob the publication of this work, in its 
present form, I alone am responsible. 

The Author a few years since, when first 
settled in Alabama, as a chemical professor, 
proposed to himself, to submit to a thorough 
investigation the chemistry bf cotton, and all 
those conditions upon which its successful 
growth and culture depend; to such a research 
he brought the scientific skill, of the pupil of 
Lloyd, of HaughtOD, of Apjohn, and of Wohler, 
with advantages possessed by no English 
chemist and physicist previously, of residence 
in the great Cotton States, with every facility 
for observation or experiment, and in familiar 
communication with the owners of cotton 
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estates, with some of whom he had become 
comiected by marriage. 

He felt assured that this vast agriculture of 
cotton, so important to the whole human 
family, must be ameliorated by the light of 
science thrown upon it, in whatever clime or 
region pursued. 

When in England, about four years ago, he 
formally stated his views to lihe HononralDle 
East India Company, aiod ashed to be provided 
with specimens, of the cotton plant, root, fibre, 
seed, &c. &a, und of*the various soils and sub- 
jacent rocks, &c^ fnom the ootton-gro wing dis- 
tricts of India. His desires were piompfly 
attended to, and <me of the lat^ acts, of that 
magnificent dd Govenmient, was to order home 
from ali thTCe Presidencies, in accordance wiik 
the written instructions of Dr. J. W. Mallet, 
such a collection of specimens, with accom- 
panying descriptions of Oriental cotton culture, 
as never befois reached Europe, and whidi 
w^ere at once transmitted to him viA Mobile. 

Upon the sam/e occasion, Dr. Mallet obtained 
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libroaagh the aid of sdenti&c fiends in cod- 
nexion witk the <jk)Vi6ixiniieixt of FraDoe, a 
^imikr, thougii mms ilmdtai, coUecbioii from 
Algeria, .and other JPrench possesBdcms, )and, 
through the Cotton Supply Assooiatioii of 
Mandbesteir, otbetrs from Cental or Southern 
Afiica, and <Dtiher distant 3^B^smj as iv^ell us 
from Egypt, &C. 

With such materials, &a: comparison with 
the oocidjental products around him, the io- 
vestigation ivas commenced, of which this 
volume forms the first fruit. 

The ftxLLowing pages "were forwarded by the 
au1;har, to the writer, shortly before the breaking 
out of thei war now desolating the American 
States, for coimnunication to the Boyal Society 
of London* Their substance was read during 
last ses^on, asiKl on 4ibstaract has beesi printed 
in the proceedings of the iEloyal Society. The 
-work itself was also in the usual course suib- 
mitted to " referces" by the committee of pu^ 
lication, xme of whom is amongst the most 
Bcientific agriculturists in England, and whose 
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report as to its scientific merits and value, is 
understood to have been highly commendatory. 
It seemed likely, however, that the Council 
of the Boyal Society exercising its discretion, 
might decide, that the work in its entirety, and 
from its technical character, however valuable, 
might not be suitable for publication in full, m 
the PhUosophical Transactions (as originally 
wished by the Author), and as by rule, the 
copyright of any work if once submitted to the 
Council with a view to publication, whatever 
be the result, becomes the property of the 
Eoyal Society; and further influenced by the 
opinion expressed by friends, officers of the 
society, that the public value of the work would 
be best secured by its separate publication, the 
writer took upon himself the responsibility 
of withdrawing the communication from the 
Eoyal Society, and of arranging with the pub- 
lishers for its appearance in its present form. 
He has had to do so without consulting the 
views or wishes of his son, the author, from 
communication with whom the war has cut 
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him off for many months past. Dr. Mallet is 
still pursuing his researches, and it is to be 
hoped that a future volmne will continue, or 
complete the results, embracing amongst others 
the requirements and effects of various ma- 
nures, or dressings of the soil, indicated by the 
chemistry of the plant, upon the production 
and quality of the fibre. 

The writer is himself impressed with a 
belief that the publication of this first part 
(complete in itself) of Dr. J. W. Mallet's in- 
vestigations is not unimportant to public inte- 
rests at this conjuncture. The facts revealed, 
point out how numerous and complex are the 
natural conditions, which must combine to 
admit of the cultivation, of cotton of good 
quality with advantage. They must tend to 
correct the very prevalent mistake (continually 
repeated by the daily press in England) that 
cotton can be grown anywhere if there be but 
a tropical or semi-tropical climate, the truth 
being, that it is a plant as limited and circum- 
scribed by conditions of growth and seeding. 
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-as is the vine itself. To India we must unr 
doubtedly look for a large future supply of 
•cotton, altltougfh evetry discreet economist will 
coincide in the opinion, that a not distant con- 
•clusion of political CDnyulsions, will stiU leave 
ihe Southern States the ntastery in cotton 
supply of tibe world, a mastery guaranteed to 
them, by conditions natural and social, that can- 
not be imitated or transferred elsewhere; but 
tbe surface of India thait is well adapted by 
soil, by climate, (Sec., to the successful culture of 
thoroughly good cotton, is, as was long since 
affirmed by the late Dr. Eoyle, extremely 
limited. 

It is the function, amongst others, of these 
pages, to indicate what are the requirements, 
by which such areas in India must be charac- 
terised and 'chosen, and so failure of attempts in 
unsuitable regions avoided, and that which is 
by nature limited, best economised. 

If, however, cotton culture in India is here- 
after to become a great and trustworthy source 
of British supply, it can only be by a gradual 
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Hut organic change, in the system of govern- 
ment and social fabric of Indifu So long as 
our Government there, presents but a mpdem 
counterpart of the old Koman proprsetorship ; 
whilst ever each Englishman as he arrives finda 
it necessary to forget his individuality, and nar 
tive habits of self-reliance and original actioHy, 
and only thimks of giving or of taking orders ; 
so long as his aim, is not to establish himr 
self, in any industry, wholesome to himaelf 
ami improving to the country, bui to make 
some moneys and " go home f in a wordy 
whilst ever our occupation, of India is one,, not 
of naturalisation, but of mere subjugation, and' 
its vast resources of natural wealth are treated, 
as little better than an oflGicial " draw feim" &r 
the upper ten thousand, so long must cotton 
supply from India, remain as uncertain and aa> 
trustless, as the feeble and timid efforts of the 
native,, whether rich or poor, in whose: hands it 
must remain. 

In feet it wUl present, all the evils and labour 
under all the diflSculties, of the indigo culture — 



XIV PREFACE. 

enlarged and intensified — and with this special 
evil superadded, that while in the one case the 
final product, indigo, is under the hand and 
direct control, of the English planter, in the 
other, the final product, cotton fibrCy will elude 
the same supervision in native hands, and its 
quality continue as inferior and uncertain as 
now, when fi:om 15 to 20 per cent, of earth 
and dirt, is authoritatively stated as the com- 
mon mixture with Surats cotton. 

One reform has been made — an Englishman 
may now obtain land in fee in India, a measure 
which, if honestly given fi:ee scope, can scarcely 
fail to lead to other great and salutary, social 
and industrial ameliorations. 

If India, however, is to become the rival of 
the Cotton States of America, or ever to be 
the cotton field for England, the motto there of 
its conquerors must be— 

" Dwell in the land, and verily thou shalt be 
fed." 

EoBEBT Mallet. 

London^ February, 1862. 
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CULTURE OF COTTON. 



An examination of the conditions under 
whicli the cotton plant may be cultivated with 
success, is one of much interest, both in a scien- 
tific and an economic point of view. It is 
strange that science — botanical, chemical, and 
climatological — should as yet have supplied so 
little information with regard to this plant — ^the 
most important source of the clothing of man 
— while so many other cultivated species, many 
of them of far less general value, have been 
subjected to careful examination, their bo- 
tanical relations and capability of improve- 
ment by hybridisation settled, the character 
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and extent of their demands for atmosplieric 
and mineral food ascertained, the soils upon 
which they thrive or fail analysed, the climatal 
conditions which favour or impede their growth 
observed for years ; and thus a certain amount, 
at least, of definite scientific knowledge obtained 
as to the several plants and their peculiar re- 
quirements. The culture of cotton under favour- 
able circumstances has, as an art^ been advanced 
almost to perfection, yet of the scientific prin- 
ciples upon which the art is based, and from 
which alone success or failure in any new 
attempts may be predicted, we know hitherto 
very little. Some few scientific experiments 
upon cotton plants and cotton soil, have indeed 
been made ; but they have been few and im- 
perfect. 

The main reason for this neglect of the scien- 
tific problem presented by cotton culture has 
doubtless been, that up to the present the 
world has drawn its great supplies of cotton 
from a new country of great fertility, offering 
vast surfaces of virgin soil to the hand of the 
labourer, and enjoying the most favourable 
climate for the growth of the plant which he 
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Cultivates. The ever-growing deriiand for this 
crop has, moreover, brought the planter, not 
merely subsistence, but wealth. The condi- 
tions have been too favourable — success has 
been too easy, to cause much interest to be 
felt in an inquiry as to how this success has 
been attained. 

Although this state of things still exists in 
the Southern States of North America — the 
great cotton-growing region — and although a 
glance at any map showing the amount of land 
already occupied there by man, as compared 
with that of the untouched forest, will at once 
prove that no great change is to be looked for 
in inany years to come, yet ought some interest 
in this problem to be felt, even in America, 
by any one who observes the many " worn- 
out" fields to be seen in all but the most 
recently settled States, and notes the often-met 
waggon of the (American) emigrant seeking 
new land in a newer State to be worn out in 
its turn. Such an agricultural system as this 
cannot last for ever, though, owing to the 
great natural resources of the country, it may 
long be borne. But the demand for cotton 

b2 
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throughout the world is rapidly increasing, and 
America only in part satisfies it.* In the efforts 
so perseveringly and energetically made by Eng- 
land to extend the culture of cotton in her colo- 
nies, and more especially in India, greater prac- 
tical difficulties have been met than present 
themselves in America, and success has hitherto 
been but partial. In connexion with these 
efforts a special interest attaches to the sden- 
tific questions — what are the precise condi- 
tions under which the cotton plant thrives, 
and how far can it be brought to bear un* 
favourable conditions, or these modified so as 
to suit its requirements ? 

The economic importance of the problem is 
foreign to the subject of a scientific treatise, it 
may, however, barely be noticed that it is diffi- 
cult to overrate the interest of any question 
touching the successful production of a mate- 
rial which, in its husbandry, manufacture, and 
consumption, closely affects such an immense 
number of the human race.f 

* This was written in 1860-1. 

f The commercial importance of cotton culture and manufac- 
ture has been stated in a striking way by J. B. Smith, Esq., M.P., 
in a paper read before the Society of Arts, May 13, 1857; by 




THE CULTURE OF COTTON, 5 

I do not propose to notice the many econo- 
mical and political conditions of cotton culture 
upon the large scale, such as general plantation 
management, supply and cost of labour, pro- 
vision of food for the labourers, tenure of land, 
irrigation, roads and other means of transporta- 
tion, facilities for sale of the crop, &c. ; though 
these, of course, materially influence success in 
an industrial sense. 

My aim at present is merely to contribute, by 
the results of a few carefully -made experiments, 
to our knowledge of the natural conditions 
under which cotton will grow and thrive. In the 
first part of the research (which I have had 
the honour of laying before the Royal Society), 
and which is based upon experiments made 
during the winter of 1859-60 — although other 
occupations have prevented the results being 
reduced to writing until now — the subject of 
the soil is taken up, and the results are given 
of a minute examination of the kind of soil 

Lord Stanley, in remarks upon this paper ; by T. Clegg, Esq., of 
Manchester, upon the authority of Mr. Bazley, M.P., at a meeting 
of the Society of Arts, Dec. 22, 1858 ; and by Mr. Bazley himself, 
at a meeting held in the Manchester Town Hall, the proceedings 
of which are reported in the Times, of Sept. 18, 1860. 



6 THE SCIENCE OF 

upon which cotton is most successfully grown 
in America. Should these results be looked 
upon as of sufficient interest for reception and 
publication, I shall hope for permission here- 
after to bring before the Royal Society (or the 
public) the remaining parts of the investigation, 
in which the composition of the ash of the 
cotton plant as grown in America, and the 
climatal relations which there affect it, will be 
further considered. I hope also to be able to 
add some results drawn from the examination 
of a very large and valuable collection of Indian 
cotton plants and soils, for which I am in- 
debted to the liberality of the Government of 
India. 



THE CULTUKE OF COTTON. 



CHAPTER r. 

NOTICE OF EXPERIMENTS UPON AMERICAN COTTON SOILS ALREADT 

RECORDED. 

But few reliable results are to be found of 
attempts to analyse or otherwise examine the 
soils of the cotton-producing States. The most 
important are those of D. C. T. Jackson, of 
Boston, who was employed in 1857 by the 
United States Patent Office to make some 
chemical analyses of cotton plants and soils, 
the principal object, it was understood, being 
to ascertain whether the difference between 
IcMQg and short staple cotton depends upon the 
chemical nature of the substances removed 
from the earth.* 

* Report of the Commissioner of Patents for the year 1857 ; 
Washington, 1858 (Agricoltore), p. 296. 
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He examined : 

No, h—'Soil from St StmoncTs Island^ 
Georgia^ on which the Sea Island or long-staple 
cotton is grown. 

This soil consists of a grey sand, mixed with 
a fine loam, containing black particles. One 
thousand grains of it yield to boiling distilled 
water 1.6 grains of soluble matter, 1.1 grains 
of which consist of vegetable organic matter, 
and half a grain of mineral salts, consisting of 
chloride of sodium, phosphates of lime and 
soda, sulphates of soda and potash, sulphate of 
magnesia, and carbonate of lime, which was 
originally a crenate of lime. 

One thousand grains of this soil yield to a 
boiling solution of carbonate of ammonia 3.6 
grains of solid matter, two-fifths of a grain 
of which consist of mineral salts, as above 
named. 

The insoluble carbonaceous matters amounted 
to 24 grains to 1000, or 2.4 per cent. 

On full analysis. Dr. Jackson obtained from 
this soil — 
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Silica 92.040 

Alumina .«•.,.,. 1.500 

Lime 280 

Magnesia 370 

Potash. 1.000 

Soda 500 

Peroxide of itbn and oxide of manganese . 1.500 

Phosphoric acid . 040 

Sulphuric acid 009 

Chlorine 010 

Crenic, apocrenic, and humic acids . , .360 
Insoluble vegetable (carbonaceous) matter . 2.400 
Carbonic acid Trace 



1U0.009 



No, 2. — Upper alluvial soil of Savannah 
River J on which the short-staple cotton grows, in 
Edgefield, South Carolina. 

One thousand grains of this soil, digested 
with a solution of carbonate of ammonia, yield 
4.9 grains of soluble matter, 4 grains of which 
consist of the organic acids of the soil, namely, 
crenic, apocrenic, and humic acids; and nine- 
tenths of a grain consist of mineral matters — 
phosphate of lime, sulphate of lime, magnesia, 
oxide of iron, and the alkalies, soda, potash, 
and a little silica. 

This soil has for its mineral constituents the 
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disintegrated matters from the metamorphic 
rocks, chiefly micaceous and argillaceous slate 
rocks, the particles of mica being unusually 
abundant, but the argillaceous matters in a 
finely decomposed state, or in the condition of 
clay. 

This soil yields upon analysis — 

Silica 78.000 

Alumina 10.040 

Lime 260 

Magnesia 200 

Potash 1.000 

Soda 730 

Peroxide of iron and oxide of manganese . 4.850 

Phosphoric acid 310 

Sulphuric acid Trace 

Chlorine 050 

Crenic, apocrenic, and humic acids . . .400 
Insoluble vegetable matter . . . . 4.300 

100.140 

No. 3. — Upland cotton soil^ from near Jack- 
sonj Mississippi^ the samples obtained from the 
surface down to the depth of ten inches. 

This soil is very fine loam, and, when dry, 
is almost an impalpable dust* 

One hundred grains of it, on analysis, 
yielded — 
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Silica 81.00 

Alumina « . 6.80 

Lime 57 

lliagneaia. ....... 1.60 

Potasli 58 

Soda 1.29 

Peroxides of iron and manganese « • .4.18 
Phosphoric acid . . . . . . .38 

Sulphuric acid 07 

Chlorine 05 

Grenic, apocrenic, and humic acids . . .30 
Insoluble vegetable matter . . . . 3.00 

99.82 

The subsoil of the above^ obtained 20 inches 
behw the surface^ yielded — 

Silica 83.451 

Alumina 4.100 

Lime 500 

Magnesia 1.800 

Potash 790 

Soda 1.450 

Peroxides of iron and manganese . . . 3.900 

Phosphoric acid 190 

Sulphuric acid ...... .014 

Chlorine 005 

Crenic, apocrenic, and humic acids . , .410 
Lisoluble vegetable matter . . . . 3.000 

99.610 
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No. ^.r—Surface soil from Samuel WoocTs 
plantation, in Hancock county, Mississippi. 

One thousand grains of this soil yielded to 
boiling distilled Water two grains of soluble 
matter, or one-fifth of one per cent., and this, 
on incineration, yielded half a grain of ash, 
or five-hundredths of one per cent. The ash 
consists of phosphate of lime, magnesia, oxide 
of iron, sulphate of lime, and the alkalies, 
potash and soda. 

Digested in a solution of carbonate of am- 
monia, 1000 grains of the soil produce a dark 
coffee-brown solution, which, evaporated to 
dryness, yields 10 grains of solid matter, con- 
sisting of the organic acids of the soil, namely, 
crenic, apocrenic, and humic acids; and on 
being burned off, this matter yields four-fifths 
of a grain of ash, consisting of the mineral 
salts which were combined with the above- 
named acids. The organic acids weigh 9.2 
grains, or ninety-two-hundredths of one per 
cent., and the ashes, or mineral salts, eight- 
hundredths of one per cent. 
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One hundred parts by weight of this soil 
yielded — 

SUica 88.52 

Alumina 1.20 

Lime 40 

Magnesia 50 

Potash 38 

Soda 1.00 

Peroxides of iron and manganese . . . 2.00 

Phosphoric acid 60 

Sulphuric acid (less than -nAsTr) • • • Trace 

Chlorine Trace 

Crenic, apocrenic, and humic acids . . .92 

Carbonic acids 20 

Insoluble vegetable matter .... 4.33 

100.05 

Subsoil of the above. 

One thousand grains of this subsoil, on 
digestion with a solution of carbonate of am- 
monia, at a boiling heat, yield 12.2 grains of 
soluble organic matter and salts ; and, on com- 
bustion, two grains of saline or mineral matter 
remain, leaving for organic matters dissolved 
10.2 grains. The ash contains phosphate of 
lime, sulphate of lime, soda, potash, and 
chlorine. 

One hundred grains of the subsoil yield on 
analysis — 
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Silica . . . . . ... 90.000 

Alumina 2,000 

Lime ^80 

Magnesia 300 

Potash. 290 

Soda 2.014 

Peroxides of iron and manganese . . . 1.200 

Phosphoric acid 800 

Sulphuric acid .007 

Chlorine . . 005 

Grenic, apocrenic, and humic acids . . 1.020 
Insoluble vegetable matter . . . . 2.790 



100.706 



In 1840, Professor C. U. Shepard, of Charles- 
ton, examined eight specimens of " Sea Island" 
soils from Edisto Island, South Carolina, at 
the request of the Agricultural Society of St. 
John's, Colleton.* 

The results were as follows: 

■ ■ — - ■ - — ^^ — ■ ' — ^ — ' ■ — ■ — • — ^^^^^ ..^ 

Increase of weight after being thoroughly drenched in water. 



No.l. 


No. 2. 


No. 8. 


No. 4. 


No. 5. 


No. 6. 


No. 7. 


No. 8. 


Pure 

Sand. 


321 


342 


305 


293 


325 


315 


480 


605 


235 



* W. B. Seabrook (President of State Agricultural Society of 
South Carolina): "Memoir on the Origin, Culti?atioii, and 
Uses of Cotton," p. 27. Charleston, 1844. Quoting from 
Southern Cabinet, vol. i. p. 405. These^ "soils" are also spoken- 
of as " marsh mud." 
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Chemical analysis; 
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In the veiy valuable work of the late Dr.' 
Eoyle upon the culture of cotton in India,* the 
following notice of American cotton soils is to 
be found: 

"Mr. Piddington, of Calcutta, having re- 
ceived some Sea Island cotton soil (No. 1), 
describes it, when dry, as appearing like a 
mixture of fine dark-grey sand and charcoal 
dust, with fragments of shells, wood, both dry 
and charred, twigs, leaves, and even the shells 
of cotton seeds ; but the label sent with it 
stated, ' In order to view this soil as it is, wet 
it, as though a shower of rain had fallen upon 
it.' Upon sifting nine ounces of this soU, eight 
ounces passed through muslin, as fine sand 

• J. Forbes B«yle, M.D., F.R.S. : " On the Culture and Cbm- 
merce of Cotton in India tmd eUewbere," p. 15S. London, 1S51. 
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mixed with dark charcoal-looking dust. The 
remaining ounce was coarse sand, with frag- 
ments of shells and vegetable rubbish. Upon 
burning some of the dark-coloured powder in 
a glass tube, acrid and highly disagreeable 
smoke was evolved, such as characterises the 
peats and lignites. From this Mr. Piddington 
considers it to be lignite or peaty matter, in 
the state of very fine powder, of which a por- 
tion is readily taken up by cold water. An- 
other specimen (No. 2) of Sea Island cotton 
soil, of a uniform brown colour, was also 
analysed. 

" On analysis, 100 parts of the fine sifted 
part of these soils yielded : 





No. 1. 


No. 2. 


Baline matter, muriate of lime and soda, ? 

but no potass S 

Vegetable matter, mostly lignite or peaty > 

powder, with a little water . . .3 

Iron (protoxide) 

Lime (carbonate) 

Alumina 

Silex 


.20 

3.20 

1.00 

2.75 

.20 

92.00 


.60 

5.00 

1.30 

4.00 

.63 

88.02 


AYater and loss . . 


99.35 
.65 


99.55 
.45 




100.00 


100.00 
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"Mr. Piddington obtained some Upland 
cotton soil, from what was stated to be one of 
the best estates. It was a light, fawn-coloured, 
sandy soil, with coarse particles of silex, of 
felspar, and of shells, some peaty, and much 
divided vegetable matter, but without any 
saline matter. Analysis yielded : 

Extractive matter, but no saline ... .10 

Vegetable matter, peat or lignite . . . 4.G0 

Iron, protoxide . . * . . . . 1.25 

Alumina 1.00 

Lime, carbonate of 2.90 

Silex, coarse grains 89.35 

99.20 
"Water and loss 80 

100.00 

"Professor E. Solly analysed the soils of 
four Georgian cotton farms, obtained by Lord 
Palmerston from Mr. Consul Molyneux. One 
plantation was much elevated, the land of a 
deep chocolate colour, and yielding from 
1000 to 1500 lbs. of seed-cotton to the acre; 
a second was said to produce the best cotton 
in the State of Georgia ; a third was situated 
in a limestone region, * which invariably grows 
a good product;' a fourth was a specimen of 
poor land, and the quality of its cotton is what 

c 
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is termed * deficient in staple.' Mr. Solly ob- 
fierv6i3, that tliese were all of a similar nature, 
their difference being merely in the relative 
quantity of their constituents; the structure of 
ttU waft light, porous, and friable, of such a 
nature as to possess a considerable retentive 
power for water, and yet, from its openness, 
to allow of sufficient degree of drainage. They 
consist mostly of sand, the poorest of little 
else. They also all contain alumina, oxide of 
iron, and naanganese, but with hardly any 
lime. The organic naatters consist either of 
decayed portions of plants, &c,, or very finely 
divided and soluble matter; these in the soils 
vary from 4 to 8 per cent, and in the subsoils 
from 1 to Ij to 4 per cent. The soils also 
contain traces of saline matter*" 

The above are the only results worthy of 
confidence which I have been able to find. 
They are interesting, but their interest is much 
diminished by the incompleteness of the infor- 
mation they afford. The physical properties 
of the soils are very slightly indicated; their 
mechanical analysis is very imperfect ; and the 
chemical analysis is far from being as detailed 
or precise as it should be. 
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CHAPTER n. 

GEOOBArmCAL AND GEOLOGICAL 8ITXTATI0N OF THE DISTBICT8 OF 
AMERICAN COTTON CULTURE (wiTH MAP). 

Many published statements with regard to 
cotton districts in America are quite erroneous, 
the errors being in general due to the com- 
pilation of merely local information, furnished 
by those who are acquainted with their own 
neighbourhoods, but not with the country at 
large. This remark applies even to passages 
in Dr. Royle's work, referred to above. 

In order to exhibit at once the geographical 
position of the regions in which cotton is cul- 
tivated, the geological character of the under- 
lying rocks, and some of the more important 
facts with regard to climate, I have prepared 
the map which accompanies this work. The 
geological colouring is taken, with slight alte- 

c2 
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rations, from the map of Jules Marcon,* which, 
although far from being correct as a whole, 
contains no very serious errors in the regions of 
cotton culture. The isothermal lines ( — n — u — ) 
of summer and winter temperature, and the 
lines ( — o ° ) indicating summer and winter 
precipitation by the number of inches of rain, 
have been taken from the published results of 
meteorological observations made by officers 
of the United States army. These, however, 
although of immediate value and interest, be- 
long to the illustration of a future part of this 
research, and do not require notice at pre- 
sent. The dotted line indicates the extreme 
limit of cotton cultivation ; it was laid down 
from the result of the United States census of 
1850, the amount of cotton, as of other crops, 
produced in each county being reported. This 
line bounds all those counties from which 
any cotton was returned. The solid line 
surrounds and indicates the regions of really 
profitable cotton culture, from which large 
quantities of the staple are drawn. Lastly, the 

* Bulletin de la Soci^t^ G^ologique de France (1855) [2], 
t.xii.p. 813« 
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double dotted line, the small district in which 
Sea Island cotton is grown. 

This map was prepared three or four years 
ago, and now would admit of correction in 
some particulars. I had hoped that this work 
might have been accompanied by a copy upon 
the same plan, revised to the present year, with 
the geology more accurately represented than 
upon Marcon's map, the meteorology more 
fully given, and with the results of the census 
of 1860 as to cotton culture included. These 
census returns have not yet been published, and 
in the present condition of the country it seems 
scarcely desirable to wait for their appearance. 

Perhaps it may be possible to prepare a 
more perfect map in connexion with a future 
continuation of the research; meanwhile, the 
imperfections of that now furnished do not, I 
believe, at all affect the general conclusions to 
be drawn from it.* 

* I cannot avoid mentioning the extremely inaccurate idea 
conveyed by the map which has been published in connexion with 
Ellison's "Handbook of the Cotton Trade" (London: 1858), 
Upon a map of the world, " showing the geographical distribu- 
tion of the cotton plant," " the extent of the cotton zone" is 
indicated by a band of colour which sweeps indiscriminately over 
the deserts of the Gila, the low, swampy forests of the Orinoco 
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The distinctive colouring of the map is ex- 
plained upon it. If it be looked at in a broad 
way, it will be seen to indicate four distinct 
regions of cotton culture. 

1. The narrow belt of land overljdng de- 
posits of tertiary and post-tertiary age, and 
extending along the coasts of South Carolina, 
Georgia, and a small part of Florida, upon 
which the valuable ^*Sea Island," or "long- 
staple" cotton is produced. This, the finest 
variety of the plant, is altogether a dif- 
ferent thing from the great bulk of American 
cotton. It seems to be either a separate bota- 
nical species, or a very distinct variety. It 
has only been cultivated with success in the 
limited coast district in question, and in a few 
isolated spots similarly situated in other States ; 
and, although in market price ranking much 
higher than the "upland," or "short-staple" 
cotton, it is grown and prepared with so much 

and Amazon, the whole of the unknown interior of Africa (ex- 
cepting only the Sahara, which is admitted to be a desert), and 
the equally untrodden interior of Australia. Tlie statement of 
the author in the preface that " strict geographical accuracy has 
not been attempted,** may serve to explain the inclusion of the 
Rocky Mountains, Andes, and Himalayas in the "cotton 
zone.** 
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more di£Eiculty, and upon a scale comparatively 
so insignificant,* that I have as yet devoted no 
special attention to it, except in growing some 
of the seed upon " upland" soil, with a view to 
the future examination of the ash of the plant 
thus treated. 

2. The extensive region underlaid by the 
rocks of the cretaceous system, which, it will 
be seen, sweeps round the south-western ex- 
tremity of the Alleghany range, extending over 
parts of the States of Georgia, Alabama, Mis- 
sissippi, and Tennessee, and reappears on the 
other side of the Mississippi valley in Texas- 
The most important rock of this region is a 
soft, argillaceous limestone, known as " prairie," 
or " rotten" limestone, above which are found 
the rich " prairie" lands, the name of which 
has come to be used in the South rather with 
reference to the general character of the soil 
itself than to the absence of timber upon it. 
Oaks and various angiosperms flourish in cibuu- 
dance in this fertile region, 

* The United States Patent-office Report for 1858 gives, as 
tlie quantity of Sea Island cotton exported in that year, 
li,101,0581bs., and of Upland cotton, 1,106,522,^54 lbs. 
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3. The light " sandy" lands, extending over 
parts of South Carolina, Georgia, Alabama, 
and Mississippi, in great part underlaid by meta- 
morphic rocks (gneiss, talcose, and micaceous 
slates, &c.), and to some extent by sandstones, 
and chertz limestones, of silurian and carboni- 
ferous age. In Alabama we have also, in part 
beneath them, a broad belt of gravel, believed 
to be drift, covering up the junction of the 
coal measures and cretaceous formations, and in 
the lower portions of South Carolina, Georgia, 
and Mississippi, the sandy beds of the tertiaries 
occur. These sandy lands are much poorer than 
the soils of the prairie region, and are in general 
characterised by a growth of coniferous trees, 
especially the long-leafed pine {Pinus Am- 
traits). 

4. The rich alluvial lands of the "river 
bottoms," which are found stretching along the 
lower part of the Mississippi, and its more 
southern tributaries the Red River, the Ar- 
kansas, the White River, the Yazoo, &c., along 
the rivers of Texas, the Colorado, the Brazos, 
&c., and in Alabama and Tennessee, occupy- 
ing the valley of the Tennessee river. These 
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T30ttom lands occur more or less along all the 
minor streams. Bottom lands are generally 
very fertile, but subject to inundation. Their 
natural growth is, on the whole, like that of 
the prairie region. 

There are, of course, a great many subor- 
dinate varieties of soil to be met with in these 
four districts, but these give the broad natural 
divisions of the whole cotton region. 
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CHAPTER ni. 

CHOICE OP DISTKICT TO BE EXAMINED. 

Of these four districts, I have selected for 
examination the second — ^that of the " prairie" 
soil overlying the cretaceous system — as pre- 
senting the character of a normal cotton soil 
more perfectly than any of the others. The 
" Sea Island" soil is doubtless worth examining, 
in connexion with the culture of this particular 
kind of cotton, but is set aside for the present 
as exceptional, and of minor importance if com- 
pared with the immense region of "upland" 
cotton planting. 

The light sandy soils are of decidedly inferior 
general fertility. Although in wet seasons good 
crops of cotton are often made upon them, in 
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periods of drought they are far excelled by the 
stiffer soils of prairie and alluvial character — 
and the dry years are tho$e of large cotton crops.* 
Alluvial or bottom soils are very fertile — 
the very words " Mississippi bottom" in Ame- 
rica suggest fertility- — now a proper supply of 
moisture^ but not in the form of rainy is a de» 
sideratura of the first importance to the cotton 
plant during the greater part of its growth, 
as will, I think, be seen from the further part 
of this work — and as these bottom lands lie 
directly upon the rivers, or in their immediate 
neighbourhood, and, therefore, are constantly 
covered by an atmosphere supplied with mois- 
ture by evaporation from the river surface, it 
seems that we are more likely to get at the 
cause of any •benefit derivable from the soil 
itself by taking specimens from a poorly- 
watered region, which nevertheless produces in 
dry seasons large and fine crops of cotton. 
Moreover, alluvial soils, derived from the im- 
mediate deposits of existing streams, are doubt- 

• ♦ See those remarks, wliicli I have often heard made by prae- 
tioal cotton planters, expressed by the author of the pamphlet 
" On the Cultivation of Orleans Staple Cotton," published by the 
Cotton Supply Aseooiation of Manchester, p. 13. 
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less to a large extent variable in their nature— 
along the course of rivers, many of them of 
great length, and passing over rocks of various 
ages and kinds, there must be produced many 
deposits of different composition, even after the 
mixing and sifting which the finer portions have 
undergone as they were borne along. Bottom 
lands, too, are frequently overflowed, and at 
such times the soil of a single plantation 
undergoes great changes; in one place the 
richest silt, abounding in vegetable matter, is 
deposited; in another, a rapid current leaves 
behind it nothing but a bed of sand. These 
effects of inundation are not, perhaps, on the 
whole, injurious to a plantation — the good re- 
sulting in one place balancing the mischief done 
in another — but they render it more difficult 
to obtain a typical specimen for analysis. The 
selection of a fair average sample of a soil is 
confessedly the most difficult part of the task 
of the analyst, and this difficulty is perhaps less 
serious in the case of the prairie region than in 
that of almost any other that could be chosen. 
The prairie soils are in a state of almost impal- 
pable division, free from stones, gravel, or 
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coarse sand, and appear — as far as can be 
judged from obvious sensible characters — to be 
remarkably uniform over a very large tract of 
country. 

I determined, therefore, to bestow the utmost 
pains upon the selection of a fair normal specimen 
of prairie soil, and its underlying subsoil, and to 
examine these as minutely and accurately as 
possible, believing that in this way a clue might 
more readily be found to the cause of the fer- 
tility of this region — so far as dependent upon 
soil — ^than by an imperfect and slurred analysis 
of many specimens from this and other dis- 
tricts. The immense amount of labour re- 
quired for the complete working out of even 
the most simple problem, of agricultural che- 
mistry, has constantly led to examinations of 
this kind being made imperfectly, in one sense 
or other — some chemists bestowing minute 
attention upon single specimens of soil, others, 
the majority, hastily and incompletely ex- 
amining a large number. If we must curtail 
labour in some way, it does seem that the 
former is the better method of doing so, pro- 
vided we exercise such care and judgment in 
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the selection of single specimens, so that these 
may fairly be believed to represent districts of 
moderate extent* A good deal may be learned 
with regard to the cultivation of a particular 
plant from ea^act physical and chemical analysis 
of the soil of a single field, if that field be 
fairly represented, and we know the usual cha- 
racter of the crop produced upon it ; but very 
little indeed is learned from the rough so-called 
analysis of a dozen specimens from different 
fields — the physical characters of the soils being 
either passed over in silence, or disposed of 
in a phrase or two — the state of mechanical 
subdivision, and the various relations to sol- 
vents of the chemical constituents, passed over 
equally lightly, and the results actually ob- 
tained, presented in such a form as to need 
calculation before they can be compared with 
others. The very small resultant value of the 
great amount of labour which has been be- 
stowed upon the analysis of soils, has arisen from 
the adoption of an opinion often expressed by 
analysts, that it is '' better to bestow time and 
attention upon getting the more important fact^" 
with regard to a good many specimens, than to 
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delay overlong upon a single one. Are we yet 
feirly in a position to say which are ilie im- 
portant facts ? In the present state of our 
knowledge of agricultural chemistry, is it not 
best to neglect altogether such soils as are ob- 
viously wanting in uniformity; to choose with 
the utmost care, those only which seem, as far 
as we can judge, to afford samples really repre- 
sentative of particular districts ; and to examine 
these with completeness and minute accuracy, 
so that, although our results may go but a 
little way, they may, so far as they go, be 
worthy of confidence ? Such results may be 
Vfery far from teaching us all that we want to 
know, yet are the only class that can certainly 
show us the right direction in which to push 
fiirther inquiry. 
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CHAPTER IV 

LOCALITY FKOM WHICH SPECIMENS WEKB TAKEN— THE " CANE- 
BEAKE :" ITS 6ENEBAL CHAKACTEB. 

The locality from which my specimens for 
analysis were taken, is marked upon the map 
by a small cross. It is upon the plantation of 
the Hon. J. J. Ormond, in Marengo county, 
Alabama, in lat. 32 deg. 35 min. N., and long. 
87 deg. 36 min. W.; approximately, by the 
State Survey, it is in section 15, township 18 
of the southern division of the State, range 
5, east of the meridian of St. Stephen's. 

This forms a part of the district known as 
the " cane-brake, *' so called from the fact that 
at the time of the settlement by whites it was 
covered with a dense growth of cane (Arun^ 
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dinaria macrosperma^ Michaux). The cane- 
brake was not cultivated or dwelt in by 
Indians, apparently in consequence of the dif- 
ficulty with which water could be procured. 
It is a region scantily watered by streams, 
and those passing through it are generally 
muddy, insignificantly small, and not perma- 
nent throughout the year. The only one in 
the neighbourhood of the spot from which my 
specimens were taken, is a little rivulet called 
*'Dry Creek," which disappears altogether in 
hot weather. 

Rain-water is collected by the planters in 
cisterns or tanks cut out of the " rotten lime- 
stone" rock, and artesian wells, frequently five 
hundred or six hundred feet deep, are nume- 
rous ; many large plantations have four or five 
of them. 

The uniform and very peculiar character of 
the cane-brake region, is strikingly seen on 
coming abruptly upon it, from the sandy land 
seventeen or eighteen miles farther north. In 
less than a mile, one seems to have gotten into 
a new country, so great is the change, from 
the hilly region of comparatively poor yellow 

D 
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sands and red. clays to the almost level, gently 
undulating, or "rolling" surface of dark-co- 
loured soil — often spoken of as the "black 
l^nd " — with roads running through it, that in 
summer take such a hard, smooth surface under 
wheels, as literally to glisten in the sun, but in 
wet winter weather become banks of tenacious 
mud, almost impassable — at times, quite impass- 
able — for waggons. Above all is the change 
in the flora noteworthy. Getting into the 
cane-brake, any one acquainted with the vege- 
tation of the South might fancy himself in some 
river bottom, or just about to reach a stream; 
on all sides moisture-loving plants, among the 
more conspicuous being the dwarf palmetto 
(Sahal Adansonii)^ the mournfully picturesque 
Spanish moss (TiUandsia usneoides)^ drooping 
from the trees, and originally before culture, 
the cane, this last now almost killed out by 
the constant browsing upon the young shoots 
of cattle turned loose in the woods. 

The depth of the soil — L e. down to the 
rotten limestone rock — in this district varies a 
good deal, but is probably upon an average 
some twenty-five to thirty-five feet. 
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The unbroken surface of the land causes 
water after rains to flow over it but slowly, so 
that the soil is not washed away, as in more 
hilly regions. There are, however, little knolls 
to be occasionally met with where the '' rotten 
limestone" often comes to the surface, and 
upon which the characteristic tree is the cedar 
(Juniperus Virginiand)^ and, in some parts of 
the district, not in the immediate neighbour- 
hood of the locality of soil examined, isolated 
little patches of gravel, elevated above the 
general level of the country, are to be seen. 
The latter were believed by Professor Tuomey,* 
late Geologist to the State, to be portions of 
the superficial (post-tertiary) deposit of loose 
material, which stretches across Alabama from 
east to west, forming, farther north, a con- 
tinuous belt, which covers over the junction of 
the carboniferous and cretaceous rocks. 

The only other peculiarity occasionally met 
with, is the occurrence in some places, espe- 
cially in a portion of Greene county, of loose 

* M. Tuomey. First Report upon Geology of Alabamj^ 
p. 132 ; Second Eeport, p. \^L The latter edited by Dr. Mallet 
from Professor Tuomey's posthumous papers, 1857-8. 

B2 
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rounded masses of hard limestone scattered 
through the soil on slopes. These masses, 
often of the size of a man's head, being curi- 
ously perforated m various directions, are 
known as " bored rock." They are nearly pure 
carbonate of lime, as will be seen from the 
results of the analysis hereafter, and seem to 
have been segregations, from the soft calca- 
reous mud, which has produced the rotten 
limestone.* These nodules of " bored rock" 
occur upon the plantation from which my speci- 
mens of soil were taken. They may, perhaps, 
cause some little local variation in the amount 
of lime in the soil, but they are slowly disinte- 
grated, owing to their compactness. 

In these calcareous soils vegetable matter 
decomposes with great rapidity; leaves, as 
they fall in the forest, decay so quickly, that a 
horse's foot is scarcely more heard beneath the 
trees than if on turf; hence, no doubt, the 
general dark colour of the soil. 

The natural forest growth of the region is 

♦ M. Tuomey. Tirst Report upon Geology of Alabama, 
p. 122. These concretions appear to be the exact correlatives 
of the "conkar" of the clay loams, of the plain of the Ganges.— 
R.M. . 
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chiefly white oak (Quercus alba)j with the red 
oak (Q. rubra)j some water-oak (Q. aquatica)^ 
post-oak (Q. dbtusiloha)^ gums (Nyssa multi- 
flora and aquatica)^ ehn (TJlmus Americana)^ 
hickory (Caryo tomentosa and alba)^ ash (Frax- 
inus Americana)^ and rarely the maple (Acer 
rubrum). 

As regards the character of the cotton which 
this cane-brake soil yields, cotton-factors of 
Mobile say, generally, that it is characterised 
by " heaviness of staple," and that the staple 
is rather longer than that of the sandy land. 
It is a desirable cotton for manufacturer's use. 

The particular piece of land from which I 
collected specimens for examination, was new, 
having been cleared only the preceding winter, 
hence, no manure of any kind, not even the 
stalks and roots of a previous crop, had been 
applied to it. Good crops have always been 
obtained from the adjacent pieces of land, 
both when first cleared and subsequently. 
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CHAPTER V. 

COLLECTION OV SPECIMENS POE EXAMINATION. 

The specimens were collected in the after- 
noon of November 8, 1858, the thermometer 
at about 60 deg. Fahr., the day having been 
cool, but becoming warmer, and threatening 
rjsiin towards evening. The last rain had fallen 
on October 27, and was not heavy. The spring 
had been late, the autumn was a dry one, and 
the first frost was rather late (October 20). At 
the time of taking the specimens, both of soil 
and plants, the cotton was lightly touched by 
frost, some of the leaves dead, the bolls opening 
finely. 

The seed that had been used was of the 
variety known as " Boyd cotton," eight seeds 
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to each boll. It was planted on April 5, 
flowered first about June 1, the first 'cotton 
appeared in the middle of August, picking 
began on September 15. The plants were, as 
usual, about eighteen inches apart, upon four- 
foot rows. 

Large quantities of the soil and subsoil — 
200 lbs. or 300 lbs. of each — were separately 
taken, in portions from many different spots 
(all appearing, however, quite uniform in cha- 
racter), the soil being taken from a depth of 
two to six inches, and the subsoil from a depth 
of two feet six inches to three feet. It is de- 
sirable to take the subsoil from a considerable 
depth on account of the great length of tap- 
root which the cotton plant has, sometimes 
extending to four or five feet. These large 
quantities were thoroughly mixed upon a sur- 
face of plank, and 20 lbs. or 25 lbs. each of 
soil and subsoil were put up in clean paper 
•parcels, samples of one thousand grammes 
being accurately weighed out at the same time, 
and put up separately, to be used in deter- 
mining the amount of water in the soil as 
collected. 
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CHAPTER VI. 

PHYSICAL PBOPERTIES OF CAITE-BKAKE SOIL AND SUBSOIL. 

In examining the physical properties of Ala- 
bama cotton soil, I have in general adopted 
the simple and tolerably accurate methods of 
. Schiibler,* modifying and extending these, 
however, in some respects. Use has been 
made also of the memoir of Schubzef upon 
similar methods; and attention has been paid 
to the recent experiments of LiebigJ and 
others§ upon the withdrawal by soils, of saline 
and other substances from solution. 

As my results are not in all cases, directly 
comparable with those of the above experi- 

♦ " Grandsatze der Agricultur-Chemie," quoted by Sprengel ; 
" Die Bodenkunde," by Boussingault, &c. 

•f Journal fiir praktische Chemie, xlvii. 241. 

J Annalen der Chemie und Pharmacie, cv. 109 ; evi. 185. 

§ Henneberg and Stohmann : Ann. der Chemie und Fharm., 
cvii. 152 ; Van den Broek : Ibid., cxv. 87 ; Voelcker ; Journal of 
the Eoyal Agricultural Society of England, xxi. (pt. 1), 105. 
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menters, it seemed desirable to examine at the 
same time with the cane-brake soil and sub- 
soil, some other specimens subjected to exactly 
the same conditions of experiment. 

Five such specimens were, therefore, taken, 
representing soils of strongly marked and dif- 
ferent characters; they serve as standards of 
comparison. 

All the portions of soil operated on were 
air-dried — i.e. had remained in a room of 
moderate temperature (50 deg. 60 min. Fahr.) 
for several weeks, except in cases where the 
contrary is stated. All the portions required 
were weighed out at the same time, so as to 
avoid any error from alteration of the state of 
dryness, during the time in which the experi- 
ments were going on. 

A. — General description of soils examined. 

Nos. 1 and 2, from the " cane-brake," the 
specimens afterwards subjected to chemical 
analysis. Brown, or " mulatto" surface soil, 
underlaid by a subsoil of somewhat lighter 
brown colour — both become darker in tint 
when wet. When allowed to dry in lumps, 
both become extremely hard (especially the 
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subsoil), and then polish when pressed upon or 
rubbed by a hard body ; thus the roads of the 
cane-brake polish under the wheels of carriages. 

This kind of soil works best in a mealy con- 
dition, when holding a large amount of water, 
but not enough to produce actual mud. 

With a sufficient amount of water a very 
stiflf plastic mud is formed. The extremely fine 
state of division of the soil is shown by the 
great length of time during which much of it 
Remains suspended in water, and by the ap- 
pearance of the crust upon a vessel in which 
this thin creamy mud has been allowed to dry ; 
the crust then seems almost as homogeneous 
and adherent to the vessel as if a solution had 
been allowed to evaporate. 

Much of the best cotton soil of India appears 
to be very similar to the above in general pro- 
perties: dark-coloured, in a state of very fine 
division, forming a thick plastic mud with 
water, baking very hard when dry, &c.* 

* Dr. Torbes Watson : in papers read before the Society of 
Arts, March 23, 1859, and May 9, 1860 — ^Manuscript reports 
sent from India» with the specimens of cotton-plants and soils 
which 1 have received from the Indian Grovernment, confirm the 
statement. 
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No. 3. — ^A brown loamy soil, of moderate 
fertility, cultivated for several years in Indian 
com, formerly cultivated in cotton. Contained 
a fair proportion of humus and fine sand ; not 
much gravel or coarser material. 

No. 4. — ^A nearly pure siliceous sand, of light 
yellow colour. Contained a few particles of 
mica, and a very little clay. 

No. 5. — A stiff red clay, abounding in 
sesquioxide of iron. Contained some coarse 
sand, gravel, and small pebbles. Found in con- 
siderable quantity about Tuscaloosa, Alabama. 

No. 6. — ^A stiff plastic clay, of white colour, 
tinged yellowish in spots by iron. Contained 
a moderate amount of fine, but not much 
coarse sand. 

No, 7. — ^A poor sandy soil firom the pine 
forest, of greyish colour. Little more than 
siliceous sand, with some organic matter, the 
latter for the most part undecomposed vege- 
table fibre, leaves, fragments of bark, or cones 

of the pines. 

The above, Nos. 3 to 7 inclusive, were the 

soils chosen for comparison with those of the 

cane-brake. They were collected from the 
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neighbourhood of Tuscaloosa, on the borders 
of the coal-measures and drift. 

B. — Specific gravity (real). 

The true specific gravity of the cane»brake 
specimens was taken in the usual way, with a 
specific gravity flask, using 100 grammes, dried 
at 100 deg. C. 

The results were : 

Spec gray. 
Cane-brake surface soil . . . 2.421 
Cane-brake subsoil .... 2.527 

This being a determination of precise cha- 
racter, admitting of direct reference to results 
already recorded, it did not seem necessary to 
examine in the same way the soils taken for 
comparison. They were, moreover — unlike 
those from the cane-brake — so deficient in uni- 
formity, that much laiger quantities must have 
been taken to get accurate results. In the table 
of specific gravities determined by Schiibler, 
the numbers most nearly approaching the above 
are those for " carbonate of lime, in a state of 
fine division" (ii. 468), for " arable soil firom 
Hofwyl" (ii. 401), for "pure grey clay" (ii. 
533), and for " arable soil from the Jura" (ii. 
526). The mixture of different substances of 
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course very much modifies these numbers, 
sand iacreasing the density, and organic matter 
diminishing it. 

C. — Weight of a given volume of soil in 
known conditions of moisture or dryness (ap- 
parent specific gravity). 

A vessel of known capacity was filled with 
soil, shaken down and gently pressed. This 
■was then weighed, the tare of the vessel being 
subtracted. 

The following table gives the weight per 
cubic foot of the various soils, in the air -dried 
state: 
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In the succeeding table the corresponding 
statement is made for the several soils when 
thoroughly water'soaked, each having been satu- 
rated with water, and the excess of the latter 
drained ofi".* 

* The cine- brake soil andaubaoilhad, fortius experiment, been 
boiled with water, so aa to thorougblf break down all lumps ; thej 
conseqaentl; retained more water than in tbc regular experiments 
upon retentive power desorihed further on. 
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In condition Qf sreatett 
moisture. 



Weight of one cuMc fbof) 

in pounds avoirdupois... J 

Weight of water retained... 



Cane>brake. 


1 


• 


1 


1 

MM 


Surface 
soil. 


s 

CO 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


94.4 


94.9 


ioe.1 


118.8 


108.9 


109.4 


18.3 


12.9 


28.7 


2&6 


27.7 


28.4 



5j « 



lbs. 
99.2 
242 



In the air-dried condition, the cane-brake 
subsoil has about the same density as the stiff 
red and white clays, while the organic matter 
in the surface soil, brings its density near to that 
of the brown loam. When soaked with Avater 
the cane-brake specimens are much lighter than 
any of the others. This is owing to the great 
amount of water which, as will be seen further 
on, the former are capable of retaining in their 
pores. The experiments, described below, on 
the shrinkage of the various soils by drying, will 
serve directly to illustrate the above result. 

It being intended, to calculate the results of 
the chemical analysis of the prairie specimens, 
for the state of moisture in which they were 
actually taken from the field, weighings of 
known bulks were also made, at the time of 
collecting the specimens, as follows: 
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At fireihly taken from the field. 


Cane-brake. 


BurflMeseiL 


Subsoil. 


"Weight of onecnbio fbot in pounds' 
Avoirdupois...^ S 


lbs. 

77.7 


lbs. 
88.2 



The two specimens were measured, in as 
nearly as possible the natural state of compact- 
ness, the surface soil being, of course, much 
looser than the subsoil 



D. — Contraction of the soils on drying. 

The soils were mixed to a stiff paste with 
water, moulded into cubes of two inches on the 
side, and allowed to dry by mere exposure to 
the air at 50 to 70 deg. Fahr., until they ceased 
to lose weight. The prairie soil and subsoil 
took more than two months to dry ! They were 
then again measured with a scale, divided 
into parts equal to -jV*^ ^^ ^^ inch, i.e. y-o-th 
of the original length of a side of the cube. 

Callingr^ the total original volume of each 
cube = 1000. 
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1000 parts bj volume lo«<»> 

therefore, on drying S 


581 
419 


674 
428 


888 
112 


1000 



735 
265 


793 
207 


942 
68 



48 THE SCIENCE OF 

The contraction is in almost all these cases 
high as compared with the results of Schiibler, 
whose experiments were made with soils satu-^ 
rated with water. The extent to which the con- 
traction of the cane-brake specimens exceeds 
that of all the others is extremely striking. Very- 
great shrinkage would indeed be expected, by 
any one familiar with the appearance, after long- 
continued hot weather, of the roads through 
the prairie region. They open in great cracks, 
into which a horse may put his foot. The 
same observation is recorded with regard to 
the black soil of India.* Yet the above results 
of actual measurement are surprising, the cane- 
brake soils losing nearly half their bulk by 
drying. 

E. — Cohesion of the soils. 

The soils were moulded when moist into 
prisms of one inch square and two inches high, 
which were then allowed to dry very slowly at 

* The enormous shrinkage upon exposure to sun and air of 
the black soil of Bengal, has become but too well known, to en- 
gineers and railway contractors in India ; scarcely any precaution 
ensures a foundation upon it ; in embankments, its great and 
continuous recession in bulk, appears due not alone to desicca- 
tion, but also to the oxidation and removal by volatilisation (as 
. carbonic acid chiefly) of the great proportion of vegetable mat- 
ter present. — R. M. 
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conuQon temperatures. When thus air-dried, 
each prism, in succesaioD, was placed on end 
upon a smooth plate of copper, and another thick 
parallel plate placed upon the upper .endj pres- 
sure was then carefully applied vertically, by 
means of an arrangement of levers, until crush- 
ing took place. 

The following weights were required to 
crush the several specimens : 
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Although the red and white stiff clays pro- 
duced on drying, masses apparently of great 
firmness, they are altogether surpassed in co- 
hesive strength by the prairie specimens, which 
required to crush them more than double the 
weight necessary for any of the others in the 
list. Dry clods of prairie soil are in fact almost 
as hard as stones, and need a hammer to break 
them.f 

* This lesnlt would, doubtless, Iiave beea liighei but for the 
presence of small stones mixed with the claj. 

f The " adobes," or sun-dried bricks of South America, of vetj 
similar soil, are stated to bear 500 to 600 pounds per squua 
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. The same property is possessed in a high 
d^ee by the soil from the cane-brake when 
moist. It is broken or cut through, with great 
difficulty, and thus the labour of animals em* 
ployed for draught or for ploughing is ren- 
dered very severe. There is, however, a pecu- 
liar " mealy" condition, intermediate between 
the extremes of moisture and dryness, in which 
the cane-brake land can be worked with con- 
siderable ease. Hence, the importance of 
ploughing at just the right time, when this 
condition has been reached during the drying 
off of rain. The succeeding condition also 
greatly concerns the amount of labour in 
working such soils. 

F. — ^Adhesion of the soils. 

In order to determine the adhesion of the 
various soils to iron implements, ploughshares, 
hoes, &c., a piece of small chain, of about a 
foot in length, was attached to the extremity 
of the beam of a balance, the other end of the 
chain being made fast, to the centre of a disc 
of sheet-iron three inches in diameter. The 

inch before crushing, thus coinciding with the author's results. — 
ILM. 
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chain hanging verticaUy down, the disc was 
gently pressed into contact over its whole sur- 
face, with the specimen of soil to be examined, 
taken (as recommended by Schiibler) in its 
condition of maodmum moisture — i. e. having 
been saturated with water, and the excess of 
water drained off. Weights were then applied 
to the other extremity of the balance-beam, 
until the disc was pulled off from the surface of 
the soil by the force thus vertically applied. 

The following weights were, on the average 
of several experiments, needed to detach the 
disc of iron : 
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JThe cane-brake soil and subsoil probably 
stand so very much higher than all the others 
in consequence of the difficulty with which 
water percolates through the former ; the 
slight pressure on applying the disc having 

* This low result was no doubt owing to the large amount of 
water loosely retained, 
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removed some water from the surface, this was 
not restored to its state of maximum moisture 
by percolation. By repeating the experiment 
on the same specimen, it yielded results very 
far from agreeing among themselves, and this 
method seems to be the least satisfactory of 
those proposed by Schiibler. 

If, however, the soils be taken, not in the 
condition of maximum moisture, but after 
kneading to apparently the stiffest possible paste^ 
or doughy much more concordant results are 
obtained. Thus the following numbers, differ- 
ing greatly from the above, are, I believe, 
worth more for purposes of fair comparison : 



Weight in pounds avoir 
dupois 

Adhesion per sguare foot") 
in pounds avoirdupois*. S 
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•O 

|s 

g 
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2.3 

47 



These numbers, and those of the preceding 
table, are all greatly higher than Schubler's, 
but too much importance must not be attached 
to results merely comparative and illustrative 
of one element in the labouring of these soils. 



Gc.— Absorption of heat from the sun's rays. 
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The several specimens of soil — all air-dried 
— were placed in small paper boxes, each 
about six inches square and three inches deep, 
with thermometers having bulbs as nearly as 
possible alike in size and form, and each 
covered by about half an inch of soil. The 
surface of the soil in all the boxes was hori- 
zontal. The sun's altitude at noon upon the 
day of experiment (Jan. 16, 1860), was about 
36 deg. The day was fine, still, and clear, 
with a bright sun — there had been a light frost 
the night before. The boxes of soil were 
screened from the sun's rays until the thermo- 
meters had all acquired the same temperature* 
— 50 deg. Fahr. — which was also that of the 
air in the shade at the time of beginning the 
observations. The screen was then removed, 
so that the sun's rays fell directly upon the 
soils; the buried thermometers, as also one 
suspended in the air (in the shade), were then 
read off at intervals of ten minutes, the read- 
ings being made accurately to one-fifth, and 
by estimation to one-tenth of a degree. 

* The small absolute difference of reading of the thermometers, 
when exposed to the same temperature, was noted, and is cor- 
rected for in the table. 
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The readings are given in the following 
table: 
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By subtracting the number of degrees attained 
at the end of each period of ten minutes, from 
that reached at the end of the next period, we 
get the following table of differences, showing 
the successive increments of temperature ex- 
perienced by the several specimens for the in- 
tervals of time mentioned: 
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It will be seen that the sand, and the very 
sandy pine-forest soil, begin to absorb heat most 
rapidly ; but the amount absorbed soon falls off. 
The same is true of the white and red clays, 
though in a less degree. The brown loam and 
the cane-brake specimens, especially the latter, 
exhibit the most steady and 'gradual absorption 
of heat, and in the end they become hotter than 
any of the others. 

Several of the soils show a greater increment 
of temperature in the second, or even third, 
period of ten minutes, than in the first; this is, 
no doubt, due to the evaporation of a little 
water, carrying with it heat, as the first effect 
of the sun's rays. The influence of a sudden 
increase in the heating power of the sun's rays 
— from increased clearness of the atmosphere, 
or some such cause — is seen in the higher 
numbers for the air, as well as for the soils, 
in the seventh period of ten minutes. 

As the absolute temperature attained at the 
-end of the whole period of observation varies 
for the different soils, the rate at which each 
becomes heated will be better seen from the fol- 
lowing table, showing the per-centage amount 
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of rise of temperature of each eoil in given 
times, as referred to the total increment of 
temperature of each respectively, considered 
equal to 100 : 
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From this it appears that the cane-brake 
soil, and subsoil respectively, acquire in the 
first ten minutes about 15 and 16 per cent, of 
their entire rise of temperature for one hundred 
minutes, ■while sand acquires about 31 per cent. 
During the last ten minutes of the hundred, the 
sand gains rather less than 1^ per cent., and the 
red day has altogether ceased to rise in tem- 
perature; while the surface soil from the cane- 
brake gmns 4, and the subsoil nearly 5 per 
.cent. 
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Throwing the preceding results into a graphic 
form, we get the curves in Fig. 1, in which the 
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horizontal ordinates represent time, and the 
vertical, increments of temperature. The curves 
for the two cane-brake specimens and the brown 
loam are not far apart, those for the sand and 
pine-forest soil keep closely together through- 
out ; that for the red clay runs with the first 
group for sixty minutes, and then turns off to 
join the sandy soils; the curve for the white 
clay is peculiar throughout, showing an abso- 
lute temperature, lower at each given time 
than that of any of the others. 

The above experiments show that it is impor- 
tant to observe, not only the absolute tempera- 
ture attained^ but also the rate of increase of 
temperature of a soil when exposed to the sun. 
The statements of Malaguti and Durocher,* in 
opposition to Schiibler, that mineral composi- 
tion has a more important influence than colour, 
upon absorbing power, and that sand becomes 
more highly heated than clay, appear to be 
true only if the two be examined, soon after 
the rise of temperature has begun ; after a while 
the cane-brake soils become hotter than the 
sand. The dark colour of the former is, no 

♦ Comptes-rendus, t. xliii. p. 1110, 
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doubt, the main cause of their high absorbing 
power; the same influence is seen in. the high 
temperature attained by the brown loam. 

H. — Retention of heat. 

The rate at which the several specimens of 
soil lose heat was determined in the following 
way : A little box of tin-plate — a cube of three 
inches on the side, holding, therefore, 27 cubic 
inches of soil — was filled with the specimen 
to be examined, taken in the air-dried state, 
slightly crushed to remove large lumps, but 
not pulverised, shaken down, but not pressed 
into the box. A delicate thermometer with 
spherical bulb was passed through a hole in 
the upper side, or lid of the vessel, and fixed so 
that the bulb was exactly in the centre of the 
mass of soil. The vessel was attached to little 
handles of low conducting power for heat ; it 
was then placed in an air-bath, and heated 
equally. on all sides until the thermometer, 
buried in oil, indicated a temperature several 
degrees above 130 deg. Fahr. The vessel was 
removed from the air-bath, and placed in a 
room of considerable size, the temperature of 
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the air in which remained near to 50 deg. Fahr. 
(48 deg. to 53 deg.) throughout the experi- 
ments. The time at which the buried ther- 
mometer marked 130 deg. was noted, and 
again the time at which 60 deg. was reached; 
the interval was the time required by the soil 
under experiment to cool down 70 deg. 

The numbers in the following table express 
the times of cooling in miuutes for the quantity 
of soil and under the conditions mentioned 
above : 
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Thus, the brown loam, the sand, and the 
pine-forest sandy soils, cool most rapidly ; the 
stiff clays of white and red colour come next 
in order ; and the surface and subsoils of the 
cane-brake cool more slowly than any of the 
others. . 

The above comparison applies to eqiuil 
volumes of the soils ; from these numbers, and 
the apparent densities ahready given, we may 
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roughly compare the times of cooling of equal 
weights^ assuming the rates of the preceding 
table to hold. 

The lower line of the following table gives 
the times required by 1000 grammes of each 
soil, to cool from 130 deg. to 60 deg. Fahr. : 






Weight of 27 cubic inches') 
in grammes S 

Time, in minutes, taken") 
by 1000 grammes to cool > 
down to 70 deg. Fahr. . . ) 
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This mode of discussing the results obtained, 
principally affects the position in the table of 
the sand and pine-forest soils, the heaviest and 
lightest of the samples examined; the former 
cooling at a higher relative rate for equal 
weights than for equal bulks ; the latter exhi- 
biting a rate of cooling so much diminished as 
to bring it close to the cane-brake surface soil. 

The results just given, differ altogether from 
those of Schiibler, as to the relative rates of 
cooling of sand and clay; the former, accord- 
ing to him, taking a much longer time to lose 
a given amount of heat than the latter. Ee- 
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petition of the experiment, however, produced 
concordant results; the stiff cane-brake soils 
standing highest on the list as regards reten- 
tion of heat 

A good deal of the accuracy of the experi- 
ment depends upon care being taken that the 
specimens remain long enough in the air-bath 
to become fairly dry; if they are still losing 
water by evaporation, when set away to cool, 
heat will of course be very rapidly carried off 
Much also depends upon the like d^ee, of 
looseness or compactness, with which the soils 
are introduced into the vessel, in which they 
are to be cooled* 

These results, of course, do not indicate the 
relative extent to which these soils would 
become cooled at night when exposing a free 
radiating surface to the sky. The loss of 
heat in this case will depend upon radiating 
power, conducting power, and specific heat*; 
the latter two only, are involved in the ex- 
periments made by the above method — that 
of Schiibler — the soil being surrounded on 
all sides by tin-plate, from the surface of 
which the radiation takes place. It would 
be interesting to examine this subject more 
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minutely, and I hope to be able to return 
to it as a general question in connexion with 
the physics of the soil. 

I. — ^Absorption and retention of water. 

The specimens of soil were gently crushed, 
so as to break down large lumps ; portions of 
100 grammes of each were weighed off in the 
air-dried state : these were thoroughly drenched 
with water upon a thin filter, and then allowed 
to drain until water ceased to drip fi:om them. 
Being weighed against a thoroughly wet filter 
of the same kind and size, used as tare, the 
maximum amount of water which each soil 
could hold in its pores was obtained. The 
soils were then transferred to shallow dishes 
of stout tinfoil, and spread out so that each 
specimen exposed a surface of ten square 
inches. They were allowed to remain in a 
room the air of which was at 50 deg. 60 min. 
Fahr., and were weighed at stated intervals, 
as they gradually dried — ^the amount of water 
lost by evaporation being thus determined. 

The weighings are in grammes, and are 
given as they were made — ^to centigrammes 
— though it is not pretended that the figures 
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in the second decimal place are of import- 
ance. 
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Subtracting each number from tbe one which 
precedes it in the same vertical column, we get 
the amount of water retained by 100 grammes 
of soil.at each of the times mentioned aa follows : 
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• The oaae-brake aoil and subsoil are capable of holding much 
more water vhen thoroughly disintegrated iy boiling witli water 
iu the first mslance. Heteij ponri/iff water over tbeai, eTeu with 
stirring, will not break down these tenacious soils into a uniform 
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Thug, to take a single instance from the table, 
100 parts of cane-brake surface soil in the air- 
dried state* are capable of holding 54.68 parts 
of water, of which are lost by evaporation, 
under the conditions mentioned above, 6.90 
parts during the first six hours, 3.07 parts in the 
second period of six hours, 3.44 in twelve hours 
more; or, in all, 13.41 parts in the first twenty- 
four hours, 12.07 parts in the second entire day, 
4.89 in the third, 2.70 in the fourth, and 2.57 

* 100 grammes of the several soib in the air-dried condition 
coireapond to the roUowing weights ot soils dried at 100 ies- C. : 



Weljtht of 100 nammea • 



air-dried soil 



irx"! 



If now we add tiie amonnts of vater thus shown to exist 
ah-ead; in the air-dried soils to the quantities absorbed h; these 
when thOTonghly drenched (as gi»eQ in tlie table above), we get 
the following as the total amounts of water which would be 
absorbed bj 100 grammea of each soil dried at 100 deg. C. 
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in tbe fifth^ leaving 19.04 parts still retained 
after five days' drying* The large amouafc of 
water which can be held by the cane-brake 
soils, without draining offj m manifest from the 
table, although the difference in this respect 
between these and the other soils exanained is 
much more striking, if we take into account 
the hygroscopic water already condensed, in the 
pores of each (vide foot-note, preceding page). 

The slowness with which the cane-brake 
specimens part with the water they have taken 
up is paxticukiiy to be noticed. After ex- 
posure to the air for five days they still retain 
17.19 parts of water, while the next most re- 
tentive specimen — the stiff" white clay — retains 
but 12 parts, and the sand is as dry as at first. 
The importance of this property in a hot climate, 
suited to the culture of cotton, is obvious. 

Tbe gradual drying of these highly-retentive 
soils will best be seen from the following table, 
in which, assuming the amount of water re- 
tained by each soil at the oiitset equal to 100, 
the proportional amount of this retained at each 
period of weighing is given : 
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Total amount of water at 
commencement assumed . . 

Of this, lost from commence- 
ment to 6 hours 

6 hours to 12 hours 

12 „ to24 „ 

Commencement to 24 hours 

24 hours to 48 hours 

48 „ to 72 , 

72 „ to 96 „ 

96 „ to 120 

Commencement to 120 hours 

'\^ater still retained 



Cane-brake. 


• 

o 

a 


1 


Surface 
soil. 


1 

OQ 


100.00 


100.00 


loaoo 


loaoo 


12.62 


12.35 


18.14 


19.79 


6.61 


4.32 


4.94 


6.29 


6.29 


12.74 


11.78 


22.24 
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29.41 
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48.32 


22.07 


21.90 


2435 


36.49 


8.94 


8.78 


11.67 


ltl3 


4.94 
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&71 


2.59 


4.70 


427 


5.60 


.77 


65.17 


6a94 


82.19 


99.30 


3483 


31.06 


17.81 


.70 




16.10 

&14I 

1425 

S&49 

2&24J 

9.88 

5.46 

5.14 

79.21 

20.79 



The above results, thus variously discussed, 
show that the cane-brake soils exceed all the 
others examined, both in the power of absorb- 
ing and retaining liquid water. The pine- 
forest soil, owing to the organic matter which 
it contains, comes next in point of absorbing 
power, and then in order^ th^ stiff white and 
red clays, the brown loam, and lastly the sand j, 
but as regards power of retaining water, the 
order is altered by the pine-forest soil. Mling to^ 
a position next the sand. 

The curves of fig. 2 illustrate these points ; 
the horizontal ocdinates represent time, and 
the vertical the quantities of water absorbed 
and retained. 

e2 
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FIG. n. 
Absorption and Retention op Water. 




OmAi is 21 

a. Subsoil. 5. Surface soil. c. Hed day. 
c Brown loam. f. Pine-woods soil. 



d. White clay. 
g. Sand. 



J. — Kate at which water percolates through 
the various soils. 

In connexion with absorbing and retaining 
powers it is, of course, important to examine 
the ease or difficulty with which water passes 
through the soil, as this will determine the 
time required for one portion to be affected by 
the dryness or moisture of neighbouring por- 
tions. 

To get the rate at which water sinks through 
the soil by its own weight merely, it was at 
first attempted to filter through a depth of 
several inches of soil, contained in a tube of 
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an incli in diameter, closed at the bottom by 
muslin ; but it was found that the rate of filtra- 
tion was so very slow as to render the experi- 
ment most inconveniently tedious, and to bring 
in evaporation of the water as an important 
source of error. Hence the following plan was 
substituted. A filter, of Swedish paper, of 7^ 
inches in diameter was taken, a circle of 7 
inches in diameter, and another circle of 4^ 
inches in diameter were drawn upon it with 
pencil, both concentric with the circumfe- 
rence ; this filter was then folded, and placed 
very smoothly in a funnel, which it exactly ' 
fitted. 

Air-dried soil (crushed, not pulverised) was 
then filled in, just up to the lower (4^ inch) 
circle. 

A second funnel was supported over the 
first, closed at bottom by a little piece of indian- 
rubber tube, and compression stop-cock. This 
was filled with water, and the water allowed 
to flow down upon the soil in the filter until 
the liquid stood exactly at the level of the 
upper (7 inch) circle, at which level it was 
kept by the stop-cock throughout the experi- 
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ment As soon as the rate ofJUtration had be- 
wme vnifoTTfi, which in the ad&r soils was only 
after several mkiutra, a graduated glass jar was 
placed under the filter; l^e moment of dcang 
so was noted, the time when tai cubic inches 
of waller had Sltered through was also noted, 
and the intervals were foand as follows-- 
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This method ia not altogether satisfactory; 
the filtration through each portion of soil is 
cmnplicated to some extent with filtration down 
the sides of the paper filter through its sub- 
stance, «ven though care be taken to place it 
in close contact with the glass funnel. Still 
the above numbers give a tolerably fair idea 
of the relative ease with which wat-er filters 
through the several soils. If the source of 
eiTor just mentioned were removed, the difier- 
ence between the individiml results would be 
all the mcH*e striking. 
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K. — Rate at which water i« drawn through 
the soils by capillarity. 

The capillary power of a soil is clearly a phy- 
sical property of much interest, since by it the 
upper portions of the mass are ^labkd to draw 
moisture from those below, and, in general, by 
its means motion of water in the mil is produced 
during dry weatlier. The a/ttention of Schubler 
was directed to this point in connexion with 
his extended research, but he ikiled, I think, to 
fairly ostimate the function of capillarity in 
drawing waier through a mass of soil, and, 
confouncHng together two different ways in 
which the character of the soil may influence 
capillary action, he arrived at a general result 
by no means expressiaig die whole truth. He 
says* that the capillary power of a soil depends 
principally upon the fineness of its particles, the 
spaces between which may be looked upon as 
equivalent to so many minute tubes; and he 
adds, that in order to determine this capillary 
power for any particular kind of soil, the latter 
in a dry and finely-divided state is to be placed 
in a glass cylinder, open at both ends, and 

* Quoted from Sprengel, Bie Bodenkimae ^ AtiSl), s. 297. 
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pressed moderately together; the cylinder is 
now to be placed in a vessel with a little water, 
and from the rapidity with which the soil draws 
up the water, the proportionate capillary power 
is to be recognised. 

From the fact that the water rises more 
rapidly when the soil has been placed loose in 
the cylinder, than when it has been strongly 
pressed together, he draws an argument for 
deep working with the subsoil plough. 

Carrying out Schubler's idea, samples of the 
air-dried soils (crushed, not pulverised) were 
pressed down, with moderate compactness, into 
a tube of six inches long and one inch in dia- 
meter, closed at bottom by a little round patch 
of thin cotton cloth, just large enough to cover 
the end, and held tightly in place by a slender 
ring of copper. The tube was suspended ver- 
tically, and the lower end (that covered by 
cotton cloth) kept just in contact with the sur- 
face of water in a large platinum dish, which 
with its containedwater were weighed after each 
five minutes' contact with the water surface. 
The amount of water absorbed by the cotton 
cloth was determined and allowed for. The rate 
of evaporation of the water was also determined 
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and corrected for. The successive amounts of 
water lost by the platinum dish gave, of course, 
the quantities sucked up by the soil. 
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Discussing these results, as those of other 
experiments, with a view to exhibiting more 
distinctly the relative rates at which the dif- 
ferent specimens draw up water, we get the 

following table: 
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• Eiperiinent stopped; water liad risen to the top of the tube. 
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e. Brown loam. y. Vate-'wooii sou. f. Sand. 

Fig. 3 illustrates the above results gra- 
phically: the horizontal ordinates stand for 
intervals of time, and the vertical for amounts 
of water drawn up by cajnllarity. It will be 
seen from these curves, and from the numbers 
upon which they are based, that the compact 
soils of the cane-brake — the particles of which 
are excessively minute,* draw up water by 
capillary action much more slowly than loose 

* f^d. ia/ra, lesulta of meclianicBl analj^. 
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Band, the grains of which Jire comparatively 
very large,* and that in general the coarser 
and looser is a soH, the more rapidly is water 
drawn through it. This result quite agrees 
with the statement of Schiibler, as to the effect 
of loos^iess or ccmipaotness of the soil as packed 
into the cylinder for experiment; but both are 
ahogethfiT opposed to the ©titer — undoubtedly 
connect — stateaaeiat with which he introduces 
Ms notice of capillary power, namely, that this 
power depends upon the fineness of the par- 
ticles of soil, the 5pac^ between which may 
ibe considered as minute tubes. The smaller a 

* In forder to see wbcflrfaeT Iftie low Btpparent capillary power of 
the cane-'brake soil and subsoil was owing to the large amount of 
water already existing in their pores, the foregoing set of expe- 
dments was rq>e&d£d with these, 4ifter caitefid drying at 100 deg. 
C, with the following results : 





Surface 
soil. 


SttbsoiL 


Water, in grammes, taken up 
in the 1st five minutes . . 
„ 2nd „ . . 
.,9 3rd ^ « . 
„ 4!tn „ 
„ Stti J, - • 
„ 6th „ . . 


2.94 
.87 
.58 
.48 
-42 
.37 


2.49 
.77 
.55 
.44 
.39 
.35 


Total in 30 minutes . . . 


5.66 


4.99 



There is a little more absorption than with air-dried specimens, 
but nothing approaching tiiat of the other Tarieties of soiL 
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tube or little vessel of any shape is, the higher 
will be the column of liquid which may be 
supported within it, by the form of adhesive 
attraction which we call capillarity ; and hence 
the actual capillary power of a mass of loose 
material — such as a soil — must be greater when 
its particles, and consequently the spaces be- 
tween them, are minuter than when the reverse 
is the case. But the particles of any ordinary 
clay are far finer than those of sand ; and this 
is pre-eminently true of the stiff cane-brake soil. 
It is obvious, on reflection, that the force with 
which water is drawn up through a mass of 
soil, and the rapidity with which the water is 
so drawn, are two different things, and that the 
latter by no means exclusively depends upon 
the former. 

The so-called, attraction of adhesion, draws 
water along upon the surface of each little par- 
ticle, filling one after another the minute inter- 
stitial spaces ; in each such space the molecules 
of water in contact with the sides (i. e. with the 
surfaces of surrounding solid particles) are sup- 
ported by this curious form of attraction, in 
opposition to the forces of gravity and cohesion 
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influencing the molecules in the middle. When 
the latter forces balance that of adhesion, the 
creeping upwards of the water ceases; the 
smaller^ therefore, are the spaces to be filled, 
the less will be the weight of water filling 
them to be supported by adhesion to their 
sides, and the higher will be the column of 
water drawn up. But, if the spaces become 
exceedingly small, the influence of adhesive 
attraction in those already filled will extend to 
so much of the water passing through them, 
that the forward motion of the liquid mole- 
cules, caused by the attraction of surfaces 
beyond, will be but slow ; in fact, friction will 
become so considerable as to retard materially 
the passage of the fluid, though the force of 
adhesion may still be amply sufficient to carry 
it higher. 

It has been already shown that water is 
drawn up more rapidly by soil in a coarse, than 
that in a fine, state of division; it remains to 
be seen whether the latter can raise the water 
higher or not — that is, whether it possesses a 
practically greater capillary ^t?t(;^r. 




78 THE SGIENCS Off 

L.-True capillary power of soib. 

The following modeof examming thequestioa 
just stated was suggested by tbe interesting re- 
search of Jamin, on the motion of fluids in poarous 
bodies.* 

A glass tube of about an inch id diameter 
and six inches long, open at both ends, being 
taken — the lower end was closed by a patcb 
of thin cotton cloth,, held on by a little ring of 
copper — the soil was carefully filled in, and 
moderately pressed down^ the top was closed 
by a cork (made air-tiglit with sealing-wax), 
through which passed a miall tube, bent at 
right angles; this tube was joined by an indian- 
rubber connector to a smaU pressure gauge, coor 
sisting simply of a U-shaped tube^ about an 
eighth of an inch in diametear, open at both 
ends, and containing mercury. The whole ar- 
rangement is shown in fig. 4. The larger tube, 
holding the soil, was sufported in a vertical 
position — the end closed by muslin being down- 
wards — a vessel of water was then placed under 

* I regret my not Laving been able to procure Jamin's original 
memoir, an abstract of which enlj I liave seen in the American 
Journal of Science [2], xxix. 418 (Correspondence of J. Nickles). 
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it, and gradually raised until the lower end of 
the tube just dipped into the water, and the time 
at which this was done was noted. Aa the 
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water rose into the pores of the soil, the air 
previously filling them was driven upwards 
and compressed into the pores of the still dry 
portion, and into the little space* between the 
top of the soil and the surface of the mercury. 
The latter was, of course, depressed upon the 
adjacent side of the U-shaped tube, and raised 
upon the further side. The difference of level 
of the mercury in the two limbs of the gauge 
was read off at stated intervals, and the results 
are recorded in the following table, its numbers 
representing the heights, in inches, to which a 
column of mercury was supported by capil- 
larity at each given time. To these should, of 
course, be added the heights to which water 
was itself raised in the tube of soil, divided 
by 13.6 — the density of mercury. It was found 
impossible, however, to observe with exactness 
the height to which the soil became wetted, 
and the correction, if applied, would not ma- 
terially alter the results given in the following 
table : 



* The air filling this little space — from a to « on the figure 
— amounted at the beginning of each experiment to about half 
a cubic centimetre. 
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If a porous masa, subjected to the above con- 
ditions of experiment, were made up of par- 
ticles, all of the same size, and the spaces 
between them were in like manner uniform, it 
is obvious that the mercury should rise higher 
and higher in the outer limb, of the U-shaped 
tube,until the weight of the column supported, 
plus the weight of water supported in the soil 
itself, just balanced the force of capillary at- 
traction which raised the water; then themer- 
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cury sliould come to a stand, and remain at 
rest. But, in fact, the particles constituting a 
soil, are very far from uniform in size or form, 
and the interstitial spaces are correspondingly 
unequal; hence the above experiments were 
stopped in each case, by bubbles of air making 
their appearance on the surface of the muslin 
which covered the lower end of the tube of soil^ 
and escaping through the water, ''^ It was clear 
that, while capillary force, as exerted in the 
larger interstitial spojces^ had been balanced by 
the height to which the mercurial column had 
been raised, the smatter spaces beyond were 
still capable of drawing up water under greater 
pressure; this increased pressure the water in 
the larger spaces could not bear, and the com- 
pressed air, instead of raising the mercury 
higher, was forced back through these larger 
cavities, which now served as tub« of exit. 

The times at which the several experiments 
were thus stopped are mentioned in all cases, 
except those of the cane-brake soil and sub- 
soil ; in these the water was still slowly rising 

* When the first bubble escaped, the mercury fell somewhat 
in the U-shaped tube; it then continued to rise and fall slightly 
as each successive bubble, was with difficulty formed, and made 
its escape. 
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at the end of forty-eight hours, and the experi- 
ments were not continued longor. Although, 
of course, the same result would after a time 
have foUow-ed with these specimens, the fact 
that it did not occur for forty-eight hours, while 
the brown loam — the soil which among the 
others bore the increasing pressure longest — 
broke down at the end of two hours and fifty 
minutes, is a striking proof of the great uni- 
formity of minute texture possessed by the 
cane-brake soils, and increases the confidence 
with which results of their examination may* 
be viewed as representative of the district. 

A glance at the table of results, shows at once 
that the idea already expressed is fully borne 
out, namely, that finely-divided soils raise water 
by capUiary action slowly, imt practically with 
great powers while those of coarse texture act 
lapidly^ but practically with feeble ^energy. As 
water is drawn up into the coarsely porous sand, 
the mercury rises in the first five minutes a little 
more than an inch, but at the end of ten minutes 
it is very little higher than before, and in thirteen 
minutes it ceases to rise altogether, air then 
escaping through the large pores. In the case of 

62 
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tr.e r.roxn loanu niie n:erciirv si:er bilf an hour, 
ia scarcelj id^er, dum in rr.ij o:* ;ie sand ac 
the ^nd of five or ten mLn:i:es: hu: ii; continues 
^iteadHr to rise, ani when a: two honrs and 
f;f:T Kiin-atea it =toG€, i: is nearlv tour times as 
Kig?i as it could te raised bv the capillary 
pow^^r of the sand The cane-brake soil and 
*nb»oiI, produce still less disturbance of the 
iRfiTCurjr for the first half-hour or hour, but 
they are Jdill taking up water at the end of 
/r/rty^eight Ju/urs — and the latter has raised a 
coitimn of mercury nearly seven inches high — 
the exact result being equivalent to a column 
of wfsier of aeten feet seven inches in height ! 

In figs* 5 and 6 it has been attempted to re- 
present the foregoing results graphically, but 
the effect to the eye is marred, by the necessity 
for altering the value of the horizontal ordinate 
— of time — in fig. 6, which exhibits the latter 
j/art of the experiments with cane-brake soil 
and subsoil; the value assigned on fig. 5, if 
continued, would require a sheet of most in- 
convenient length. 

It will be seen that the lines representing 
the course of capillary absorption, for the two 
nighly sandy soils, are close together, those for 
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FIG. VI. " 
Capiliaky Powek. 



a 



6 2'JL 48 

a. SubsoiL 5. Surface soiL 

the stiff white and red clays are near each 
other; that for the brown loam is different 
from the others; and those for the two cane- 
brake specimens are distinguished by the slow- 
ness with which they rise, to become, however, 
ultimately higher than all the rest. 

The facts brought out by the above experi- 
ments, have an important bearing upon the agri- 
cultural capabilities of all soils. In a hot climate, 
and especially in one presenting a very unequal 
distribution of rain — a peculiarity which con- 
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stitntes a. serious objeetion to the climates of 
manjr regions, that are y€5b hot enough for 
cotton culture — ^it is ob-Tious that a soil in & 
state of very Jme and vmform dmision will 
possess marked advantages over one coosistiag 
of coarse particles of uoBeqiual s^e. The latter 
will quickly beconae saturated during rain^ but 
in. dry weather, will sooaa draw up suck store c£ 
water as it has acquired^ and caxk raise to the 
surface^ there to be evaiparated, and so lost to 
the roots of plants^ The former — such a soil 
as that: of the cane-barake region — will grctdu'- 
ally but forcibly, draw up its swpply of mater 
from ekep^fyinff stratcby and slowly^ dispense it 
to the surface soil, thus using, it may be,, in the 
burning heats of August or September^ the 
moisture which it had steadily absorbed during 
the rains of the preceding winter or spring. 

The offlte soil is a spendthrift, rapidly acquirin^y 
and as hastily and extravagantly scatterings the 
other is a prudent economist^ gradually ac- 
comulating^ and expending slowly and with 
cautiou. Again — if one may be -pardoned 
carrying out the same simile a little farther — 
as the goods of the spendthrift are likely in 
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time to fall into the hands of his more steady 
neighbour, so is it in the case of the two opposite 
kinds of soil under consideration. If a mass of 
finely divided uniform soil, adjoin one of loose 
sandy character, the latter will become a reser- 
voir, firom which — at depths practically inca- 
pable of being reached by its own feeble capil- 
lary power, its neighbour, the highly absorp- 
tive clay, will continue to draw supplies of 
water, to be by it, easily raised to the surface. 
Yet further, the remarkable power possessed by 
soils of abstracting various mineral substances 
from their respective solutions (see further on in 
this work), so far, at least, as it depends upon 
phenomena of adhesion, is doubtless possessed 
in the highest degree, by finely divided soils ; 
moreover, this power must be most efficiently 
exerted, when the water charged with soluble 
matter, is most slowly passed, through the pores 
or interstitial spaces, such as we have seen 
exist, in the case of the finest clays, when draw- 
ing through them water by capillary action. 
If, then, two soils of the opposite characters 
mentioned above, should occur side by side, 
will not water, holding in solution some of the 
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inorganic substances needed by growing plants, 
be gradually drawn off, from the soil of small, 
by that of great capillary power ? In fact, 
will not the tendency be towards the rich soil 
becoming continually richer, and the poor one 
poorer? It would be highly interesting to 
repeat the above experiments on capillarity, 
with solutions of alkalies, salts, &c., instead of 
pure water, observing both the physical and 
chemical effects in each case. This I hope 
hereafter to be able to accomplish. 

M. — ^Absorption of aqueous vapour from the 
air — hygroscopic power. 

Small trays made from thick tinfoil, were 
prepared, about half an inch deep, and exactly 
five inches square, so that soil uniformly spread 
over the bottom, exposed a surface of twenty- 
five square inches to the air. The various soils 
were slightly crushed, but not pulverised,* dried 
at 100 deg. C, weighed off in quantities of 100 
grammes upon the several trays, and uniformly 

* Wherever this expression is used, it means that all lumps 
larger than a pea were crushed down, care being taken not to 
triturate any portion of the soil. 
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spread out in each. The tnjs were then all 
placed together under a large glass bell, faeDeaih 
which had been previonslj set, a shallow por- 
celain dish oontainiiig water; the latter re- 
mained throughout the exparimenty so that 
thus the soils were alike exposed, to an atmo- 
^here under ordinary pressure, saturated witk 
aqueous vapour, at the temperature of the room, 
which was 50 to 60 deg. Fahr. 

After the lapse of the times stated in the 
following table^ the trays were ranoved £rom 
the bell-glass, weighed, and immediately re- 
placed. The successive weighings ezhilHt the 
gradual absorption and condensaticm of water 
from the air, as below:* 

* A few expenraents were dSao made, uader the same eon- 
ditions, witk regard to the absorptiye powers (or aqueous vapour;, 
of the cane-brake soil and subsoil, taken in their air-dried state, 
with a view ta determining whether this power wa» pcrmanentlj- 
a£Eected by exposure to a temperature as high as that of boiling 
water. The following were the results : 
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100 graiames air-dried* 



Surface soiL 



100.32 
100.49 

loa.rr 

IQLOft 



SubsoiL 



100.43 
100.63 
100.95 
101.20 
101.37 
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After 6 hours 



12 
24 
48 
72 
„ 96 
,.120 






20 days*... ....r. 



• • «!. mtmjt I 



100 grammes dried at 100 deg. C. 



Cane-brake. 



is 

03 



ipmis* 
102.16 
103.01 
104kl9| 
105.65 
106.6dj 
107.21 
107.62 
110.23 



o 

3- 
CO 



102.80 
10406 
M)5.S9 
107.52 
10&56 
10&06 
109.49 
111.61 



a 

a 



«rma^ 
101.01 

10L32 
101.64 
102.03 
102.27 
102.29 
102.31 
102:67 



QQ 



Rrmsi 
100.24 
100.29 

loasi 

100.33 
100.34 
100.34 
100.34 
10(L34l 






101.16 
101.60 
102.08 
102.61 
102.94 
103.35 
103.64 
1046ftl 






grms. 
101.07 
101.36 
101.67 
102.03 
102.16 
102.29 
102.42 
102.59 



o 

*1 



I 



grros. 
100.82 
1)00.97 
101.03 
101.22 
I01.2S 
101.28 
101.35 
U)I.4a 



The subjoined table of differences^ shows the 
actual weights of water absorbed, as aqueous 
vapour, in the given periods of time, and the 
totals: 



O'boursto ^boors..... 
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12 
• 
2* 
48 
72 
96 
120 



»» 



*» 



If 



»,. 



to<12 „ 
to24 ^ 
to24 ,, 
to48 ,^ 
to7a ^ 
t0 96 w. 
to 120 « 
to20dB^ 



, • • */••• •; 



Total in 20 days 



Gane*brake. 



1= 

Is 

08 



grms. 

2.16 

.85 

1.12 

4.13 

1.52 

1.08 

.B81 

.41 

2.61 



ia23 






garms 
2.8» 
1.17 
1534 
5.58 
1.96 
IM 
.40 
.441 
2.12 



11.61 




C3 
if 



grms 
1.16 
.44 

.48 
2.08 
.53 
.32 
.41 
.29 
.98 



462 






gnus. 

107 
.29 
.31 

167 
.36 
.13 
.13 
.13 
.17 



2.59 
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grms. 
.82 
.16 
.11 
1.08 
.14 
.OSL 
.08 
.07 
.11 



1.46 



The very much greater amount of aqueous 

The above amounts, added to the quantities of water driven off 
from the air-dried soils, by a temperature of 100 deg. C. (vide 
supra), agree very nearly, with the total (puntities taken, up for 
tliV' same period of exposiire, by the specimens dried in the first 
instance, at the higher temperature. 
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vapour condensed by the cane-brake soils, than 
by any of the others in the list, is very striking, 
being, at the end of twenty days, twice and a 
half as much as that absorbed by the stiff red 
clay, the next most absorptive specimen. 

The difference in the 7'ate of absorption, is to 
be seen from the following table, discussing 
these results, as former ones, by dividing the 
total amount of vapour condensed by each soil, 
assumed = 100, in proportion to the time in 
which absorption took place : 



hours to 6 hours 
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to 24 
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Total for 20 days (assumed).. 
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grms. 


grms. 


grms. 


grme. 


grms. 


grms. 


21.11 


2490 


37.88 


7a69 


26.11 


41.31 


8..S1 


10.08 


11.61 


1471 


9.62 


11.20 


10.95 


13.18 


11.98 


6.88 


10.89 


11.97 


40.37 


48.16 


61.42 


91.18 


46.02 


6448 


14.86 


16.63 


1461 


5.88 


11.47 


13.90 


10.07 


&91 


8.99 


2.94 


7.14 


6.02 


6.18 


423 


.75 
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8.88 


6.02 


4.01 


8.80 


.76 


• • 


&28 


6.02 


25.51 


18.27 


13.48 


• • 


21.21 


&66 


100.00 


100.00 


100.00 


loaoo 


loaoo 


100.00 



B 
P< 

grms. 

66.17 

ia27 

763 

78.97 

9.69 

2.06 

2.d6 

479 

7.6S 

loaoo 



Thus, the cane-brake soil and subsoil, absorb 
in the first six hours, but 21 and 25 per cent, re- 
spectively, of the entire amount which they can 
take up in twenty days ; while the brown loam 
in six hours absorbs 38, and the sand, over 70 
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per cent, of the total amount they are capable of 
taking up. The former absorb at first absolutely 
more, but relatively less, than the latter. The 
former, if damp weather last for some time, 
will continue to condense aqueous vapour, after 
the latter shall have ceased to take up any ap- 
preciable amount. In general, the soil which 
will in the end absorb most vapour, absorbs it 
most gradually ; whereas the soil which absorbs 
with (relative) rapidity at first, will in the end 
take up but little. 

riG. VII. 

Absorption op Vapouh prom the Air. 




a. Subsoil. h. Surface soil. c. Red clay. d. White clay, 
e. Brown loam. /. Pine- wood soil. g. Sand. 



The graphic exhibition of these results, up 
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to the term of five daye,* is to be found in thie 
lines of fig. 7, in whkli the horizontal ordi- 
nates, as usual, refer to time, aiid the vertical 
to the quantities of vapour absorbed. In this 
fig. the brown loam, and stiff white day, which 
differ very considerably in general character, 
are very close together — the lines for the other 
soils are all distinct — ^those representing ab- 
sorption by the cane-brake specimens rise 
steadily, and high above all the others. 

N. — Absorption of gases by soils. 

Direct experiments on the power possessed 
by dry soils, of absorbing permanent gases, into 
their pores, appear as yet to be wanting, 
although Schiiblert has examined soils in the 
wet condition as to the special absorption of 
oxygen, and has drawn attention — as has also 

* The last line of numters (weighings on the 20th day) are 
not represented, owing to the great length of the sheet which 
would be necessary ; they would not materially aflfect the general 
character of the curves. 

f Quoted in Hamm, Die Grundzuge der Landwirthschaft, i. 95. 
Brustlein (Ann. de Chim. et de Phys., t. ii. ch. vi p. 165, quoted in 
Hoffmann ; Jahresb. liber die Fortschr. der Agricultur-Chem., 
1859-60, s. 6) has also made a few experiments, on the absorption 
of ammonia by moist soil, and a single determination for dry soil. 
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Boussmgaalt* — to the chemical effects which 
are produced by that gas when thus absorbed. 

Gases directly or indirectly affecting the 
growth of plants, have often been spoken of, as 
either produced in the soil — e.g. carbonic acid 
by slow oxidation of organic matter — or intro- 
duced, solely in the form of solution in water, 
no notice being taken, of any capability on the 
part of the soil itself, to absorb permanently 
gaseous bodies. 

I proposed at first to make some experiments 
<Hi the absorption of carbonic acid gas, by the 
same method as that whidi I had applied to 
the absorption of aqueous vapour, namely, by 
weighing from time to time, a given portion of 
soil, exposed to an atmosphere of the gas. To 
do so, it was necessary to take the soil in a 
definite hygroscopic condition. That of com- 
plete dryness, produced by a temperature of 
100 deg. C, would not answer the purpose, 
as, during tlae shOTt time occupied in making 
the necessary weighings, the gain in weight by 
absorption of aqueous vapour fi:om the air, 
would have seriously vitiated the results. It 

* Economie rurale, i. 609. 
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was then proposed, without sufficient fore- 
thought, to experiment upon the soil in a state 
of saturation, with hygroscopic moisture, and 
to keep it in this state, throughout the ex- 
periment, by exposure to an atmosphere of 
carbonic acid, in a closed vessel at the bottom 
of which there was a shallow dish of water. 

The experiments on this plan were begun, the 
specimens of soil used, being those (weighing 
originally 100 grammes each, when dry) which 
had been already employed for the absorption 
of vapour of water, and which had been pretty 
well saturated by exposure for twenty days to 
an atmosphere laden with moisture.* 

The following were the first few weighings 
obtained : 



At commencement 
After 6 hours 



12 



Soils all saturated with aqueous vapour 
(originally 100 grammes of each, dried at 100 

deg. C). 



Cane-brake. 



s * 
to 



grms. 
110.23 
liai9 
110.15 



o 

on 
QQ 



O 



CQ 



grms. g;rro8. grms. 
11L61 102.67 100.34 
111.58 102.63' 10a33 
111.51 i 102.57 100.32 






grms. 
10462 
10467 
10448 



o 



'9 



o 

Q) CO 

a 



grms. grms. 
102.59 101.46 
102.65 101.45 
102.52 101.46 



* Fid. Liebig, Poggendorff, and Wohler, Handwort de Chem., 
Art. Absorption (2*« Aufl.), b. i. s. 23. 
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showing that the soils were actually losing 
instead of gaining weight. This result was 
due to the fact that, as the less absorbable 
carbonic acid entered the pores of the soil, it 
expelled more than an equal amount, of the 
more absorbable aqueous vapour, which had 
already been condensed there. 

The above experiments were discontinued, 
and the following diflferent method adopted. 
Each soil, slightly crushed, not pulverised, was 
dried at 100 deg. C, and 100 grammes were 
weighed out. This quantity was sewed up in a 
bag, made of very thin muslin, of about an inch 
in diameter, the absorptive power of which was 
found very small, and was allowed for. The 
little bag of soil, was again heated to 100 deg. 
C. for some time, to ensure its thorough dry- 
ness, and was then passed through mercury, 
into a glass jar previously filled with gas, care- 
fully dried and accurately measured. In order 
that the bag might be withdrawn after the ex- 
periment, and the residual volume of gas mea- 
sured, a thread was tied to the bag, and anchored 
under the mercury by a piece of platinum, so 
that gas could not creep along the fibres into 

H 
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or out of the jar. The soil remained in the 
gaseous atmosphere for six hours, the jar being 
gradually lowered as absorption took place, so 
that the pressure within, remained constantly 
that of the external atmosphere — ^in no case very 
far from 760 mm". The temperature of the 
room was about 60 deg. Fahr. The gases ^ex- 
perimented upon were oxygen, carbonic acid, 
and ammonia. 

In all the experiments absorption took place 
to some extent; in general, the greater portion 
was over in the first two hours, and in every 
instance it seemed to have completely ceased 
before the end of six hours. 

Some of the soils, when exposed to ammo- 
niacal gas, absorbed so much that the jar had 
to be several times replenished. This was 
provided for by having other portions of gas, 
carefully measured oflf in jars, standing rea«3y, 
in the mercurial trough. 

The subjoined table gives the amounts, of 

the three gases which were absorbed by 100 

grammes of each of the soils. The: volumes of 

gas before and after each experiment, 'were 

, reduced to deg. C, and 760 mm:"; the 
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volumes givea in the table, tfeerrfore, corre- 
spond also to this temperature and pressure.-* 
The weight off gas absorbed has been calculated 
from the observed volume : 



Cane-brake J^yjjg^^,,.. 

Brown loam. «.... 

Sand 

Hedclay 

White clay 

Piae*weodi4oil . 



1% 

o <o 

Is 



s 
Is 

to 



c» c. 

82 
76 
81 
68 
77 
77 
96 



Oiygen. 



■AS 

II 
5^ 



CO. 

SIS 
S6.S 
16.3 
S:9 
2U 
1&9 
148 



d * 

be 



I* 



g^rmi. 
.0451 
.0519 
.0219 
i)056 
.0802 
.0199 
i)212 



Carbonic acid. 



■0.3 



C. 0. 

309.9 

805.0 

1046 

144 

125.3 

87.2 

57.4 



©"2 
5.^ 



.6095 

.5998 
.2057 
.0283 
.2464 
.1715 
.1129 



Ammonia. 



is 
5^ 



CO. 

4B77.1 

48724 
887.2 
139.4 

10447 
8249 

n08.6 



S3 4 

©•s 

5^ 



&2508 
3.7038 
.6743 
.1059 
.7940 
.6270 



The above numbers refer .to tlie results <3f 
absorption by equal weights of soil. It seemed 
desirable to calculate the results for equal 
volumes^ Assum i ng tlie same rates of absorption 
to hold. 

The second column of the above table gives 
the approximate volumes, in .cubic centimetres, 
of 100 grammes of each soil in the dry statQ, 
as taken from the weighings made in connexion 

* The fractional parts of a cubic centimetre to be found in 
the table result from this numerical reduction — in the gas-tube 
need such small amounts could not be measnied. 

f The weighings from which these volumes .are deduced were 
made with air-dried soil, but will serve the present purpose for 
soil dried at 100 d^. C. 

h2 
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with 
supra). 

Uaizig dieK TiTiTnTu»r!Cj we ge^ by ralcnTatinn 
the Mbwing table, in wbidi die Tolixme and 
wei^it of etxii ff& are grren^ iridcb 100 cnbu: 
centimetreg of each aoiL wooLi abeorb : 
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I07L3 



Z^ 




The preGeding tables show that, of the three 
gases ezperimsited on^ oxjrgen is absofbed to 
the smallest extent, caibonic acid next, and 
ammonia in greatest amount This is what 
we shonld expect firom the lelatiYe condensa- 
bility of the gases, if absorption were due solely 
to adhesive attraction. The lai^ge amount of 
oxygen which moist soils, rich in humus, may 
absorb, is, doubtless, chiefly due, to solution in 
water and chemical affinity. The yarious soils, 
however, do not agree in the relative quantities 
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of oxygen, carbonic acid, and ammonia which 
they absorb : thus, the cane-brake soil absorbs 
decidedly less oxygen and ammonia, but a 
little more carbonic acid than the subsoil ; the 
stiff white clay is superior to the pine-forest 
soil in power of absorbing carbonic acid, but 
inferior as regards absorption of ammonia- 
something like a special preference is shown 
by each soil for one or another of the three 
gases. The most striking result exhibited by 
the tables is the prodigious power of absorbing 
ammonia possessed by the dry cane-brake soils. 
It is not large merely by comparison with that 
of the other soils, though exceeding that of the 
most absorptive four or five times, but may 
fairly be called prodigious, when we remember 
that Saussure found the finest box-wood char- 
coal to condense ninety times its own volume 
of ammoniacal gas; the cane-brake surface soil 
condenses ffty-twOj and the subsoil sixty-four 
times its volume of that gas."* 

* One or two results obtained by Stenhoose"— Ann. der Ghem. 
u. Pharm., ci. 251— in the conrse of experiments npon the kinds 
of charcoal nsed for decolorising purposes, have perhaps a 
bearing upon this property of the stiff aluminous soils of the 
cane-brake. He found that 1 gramme of common wood char- 
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Tiiese soils also exhibit greaf^ but not pro«^ 
portionate, eagerness in absorbing carbonic acid, 
gas. 

The special tendency to take Tq> aoaHnonia 
is most interesting, when looked at in c(m- 
n^sdon withiithe power of abstracting this sub- 
stance from solution. This will be next ex- 



»^M-.-e 



O^ — Absorption by soils of inorganic sub- 
stttDces from solutioEu 

Marked, attention has of late be^x drawn by. 
Liebig to the impo^ant observations of Way 
aaad others on the power possessed by soils 
of withdrawing from solution obtain ilies, 
salts,^ &;c. i and . our knowledge of the subject . 
has been increased by the experiments which. 
lieWg himself has instituted. . This interesting, 
property has ; been examined in the case, of 
the specim^aa. of cotton soil from the caner 

coal absorbed 145 c. c. of ammonia, and 15 c. c; of cadMinic. 
acid^ while the same weight of charcoal which had been soaked 
in: solution o£ sulphate- of alumina and ignited until the water 
aad. sulphunc aoiii were driven o£^ containing 7i p. c. of alu- 
mina» absorbed 212.5< c;.c. of ammonia^ and onlyl2.fi c c« of 
casbonic aeid ga&. Lis this case, however, there might be some: 
suspicion of tJie retentbn of traces of sulphuric aeid. 
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brake — want of time prevented the examina- 
tion (which involved a good deal of labour) 
being extended to the other soild chosen for 
comparison of physical properties. 

Solutions of the following six substances 
were prepared, all of the uniform strength— 2' 
grammes of the substance dissolved to 1 litre 
of water : 



Ammonia .... 
Chloride of ammoaium 
Sulphate of ammonia 
Nitrate of potash . 
Phosphate of soda* . 
Silicate of potashf . 



2 grms. of NHs in 1000 c. c. of water 
NH* CI. ditto 
NHA SO, ditto 
KO, NO. ditto 
2 NaO, HO, POs ditto 
JS:0,«iO, ditto 






Two portions, of 500 c. c. (containing, there- 
fore, 1 gramme of the substance dissolved), of 
each solution, were placed in flasks, furnished 
with tightly-fitting corks. Into the one, 100. 
grammes of air-dried surface soil, sHghtly 
crushed, but not pulverised, was introduced; 
and into the other an equal quantity of the 
subsoil in the same condition. The flasks 

* 5.042 grammes of 2 NaO, HO, PO, -h U HO were used, 
equivalent to 2 grammes of the salt without water of crystallisa- 
tion. 

•j* 2 grammes were found by analysis to consist of .6530 of 
SiOa, and 1.3470 of KO. 
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were corked, and set aside for twenty-four 
hours, agitating the liquid once every hour, for 
the first twelve hours. The solutions being 
undisturbed for the latter part of the time, 
were found nearly clear at the end of it ; they 
were drawn off into clean flasks, again corked 
up, and allowed to stand until perfectly free 
from suspended matter. 

The solutions of chloride of ammonium, 
sulphate of ammonia, and phosphate of soda, 
were very faintly acid to test paper, after they 
had been in contact with the soils; that of 
nitrate of potash seemed to be neutral; and 
that of silicate of potash was (before and after 
contact with the soil) alkaline. 

The solutions had all, taken up lime and 
traces of magnesia from the soils; the amount 
of lime was very considerable in the cases of 
chloride of ammonium, sulphate of ammonia, 
and nitrate of potash; that is, of those salts 
which contained acids yielding soluble com- 
pounds with lime. 

Accurately measured portions of the solu- 
tions, were then used to determine, the amount 
of dissolved substances still held in solution, 
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which, thus by subtraction from the quantity 
originally dissolved, gave that absorbed by the 
soil. 

I desired to determine, the proportions both 
of acid and base absorbed— this having only 
been done in some of the experiments already on 
record — and adopted the following methods : 

Free ammonia was determined volumetri- 
cally, by a normal solution of oxalic add. 

In chloride of ammonium, the chlorine was 
determined as chloride of silver ; the ammonia 
was expelled as gas, by heating with caustic 
soda, received in hydrochloric acid, and deter- 
mined as platino-chloride of ammonium. 

In sulphate of ammonia, the sulphuric acid 
was determined, as sulphate of baryta; the 
ammonia, by the method just mentioned, as 
platino-chloride. 

In nitrate of potash, the nitric acid was de- 
termined, by the method of Pelouze as modified 
by Fresenius;* the potash, after removal of 
other bases, was precipitated as platino-chloride. 

* Treatment with a known amount of proto-cbloride of iron, 
and subsequent determination by per-manganate of potash of 
the quantity of iron left as proto-chloride. 
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In jbospkatB of soda^ the phosphoric add 
ffltiiiHiiPfi aa pyiQ-phoaphate (^ magnprnff; 
the soda as sulphate of soda, other bases having 



In silicate of potash^ the alLdc acid was ob- 
tamed by evaporatioa to dryness of the sQlndoDy 
withan^Dcesof hydrocMoncacid; thepotai^ 
mi detennined bjr chloride c^ plarinmn, a&er 
the silicic add had beexL separated b]r the filter. 

The following are the results obtained : 



After the aetioB of 
IM gmBmea of aorflne aoQ. 

Absorbed. .4798 > : 

UnjOMorbecL^.^ .53fl2( { 



ia5IMc.e> 



lUXMM 



100 



5.7144..^.Ab6orbed. 
}.2866 UBafawcbed. 



In round nnmbers, of the annnonia present 
in solution, 

The saihce soil absorbed 48 per cent. 
And the subaoil „ 71 



M 



Chixmode 07 AMXQsnrK. 



After the actkm of ! ri.,s^».iw ! After the aetkm of 
lOOgnmmeaof 1 JaSoc!^ ' 100 grMunM of 



r»« »• «•••«. 



Ammonium (NH4> 



/Absorbed*.. ... *) \ 
trmOMorbed j07Q8i 
CAbMrbed... .170i> 
(TJnabsorbed .16613 I 



.3365 



1.6S94lJiiabsorbed 
.1830 Absorbed. 
.1535UnalKorbed 



{ 



EQUTVALMarrro 



•i^monto (I»H.)... i^^»S£±i -JSSi I ^ 



ItlJnabsorbed .1500/1 



I CJ728 Absorbed 
C.1460niiabsorbed 
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I&7; 



The difference between the amount of chlo 
line in the original solution, and that found re- 
mainiii^ after the action of the soils, is so smaJI 
(and in opposite directions for surface and suli^- 
soil), that, this body is set down,, as unabsorbed^. 

Of the ammonium present, or its equivalent 
ammoniay . 

The snrfaoe soil absorbed about 51 per cent. 
And tho suhsoUi ^^ 54 „, 

SiJLFHATE OF AmMONIA* 



Sulphuric acid .... 

Qdde of amuKsiituB 
(NH4 O) 



After the action of 

100 Rrammes of 

8urfiU!es<riL 



C Absorbed 0261? 

lUnabsorbed .5800) 
(Absorbed.... .2066 ( 
( Unabsorbed .1873 ) 



Originally 
in. 600 c. c 



.6061 
.Sd89 



After the action of 

100 eprammes of 

subsoiL 



r. 0764 Absorbed 
1 .6307 Unabsorbed 
\ .2454 Absorbed 
(.I486 Unabsorbed 



Equivalent to 



Ammonia (NBCir).... 



{ 



Absorbed 1362) 

Unabsorbed .1224) 



.2576 



{ 



.1605 Absorbed 
.0071 Unabsorbed 



One or two experiments of Henneberg and 
Stohmann* seemed to show, that sulphuric acid 
is not absorbed at all, and the small amount 
whick disappears after the action of the soUs in 
the above results, might be attributed merely, 
to the slight, solubility of the sulphate of lime 
formed. . I^ howevec, the unabsorbed ammonia 



*- AnnaL d^Ghenu u. PIiar.,.c7ii. 152.. 
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be considered as still combined with sulphuric 
add, the remainder of this acid would not pro- 
duce more sulphate of lime, than the water pre- 
sent could hold in solution ; moreover, the de- 
ficiency of sulphuric acid is greater, in the case 
of the subsoil, than of the surface soil, the former 
having in general the higher absorptive power. 
I am inclined, therefore, to believe, that absorp- 
tion of the acid had really taken place, though 
the amount is small. Assuming this— 
Of the sulphuric acid present. 

The 8Tir£ace soil absorbed aboat 4 per cent. 
And the sabsoil „ 12 „ 

Of the oxide of ammonium, or its equivalent 
ammonia. 

The surface soil absorbed about 52 per cent. 
And the subsoil „ 62 „ 

NiTBATE OF Potash. 



Nitric acid. 
PotMh 



After the action of 

100 grammes of 

surface soil. 



(Absorbed *) 

(TJnabsorbed .4773 J 
(Absorbed... 4M)82) 
^Unabsorbed .1577 i 



Originally 
in 500 0. c. 



.5341 
.4650 



After the action of 

100 grammes of 

subsoil. 



( .. Absort)ed 
(..6343 TJnabsorbed 
.3210 Absorbed 
.1440 TTnabaorbed 



{ 



The quantity of nitric acid, in the solution 
exposed to the action of the surface soil, ap- 
pears to have diminished (the same result was 
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obtained in a second experiment), but the 
diminution is, I believe, only apparent ; a trace 
of organic matter dissolved out from the soil, 
reducing a little more per-manganate of potash, 
than would otherwise be effected; while the 
subsoil, wanting in organic matter, exhibits no 
such result. It may, therefore, be considered as 
shown, by these determinations, that nitric acid 
undergoes no absorption; this fact has not pre- 
viously been brought to the test of direct ex- 
periment. 

Of the potash present, 

The surface soil absorbed 66 per cent. 
And the subsoil ,, 69 ,, 



Phosphate of Soda. 



Phosphoric acid. . . 
Soda 



After the action of 

100 grammes of 

sur&oesoiL 



(Absorbed... .8076*) 
( TJnabsorbed .1924 i 
r Absorbed... .1484) 
lUnabsorbed .2882) 



Originally 
in 500 0. c* 



.6000 
.4866 



After the action of 

100 grammes of 

subsoil. 



.2729 Absorbed 
.2271 Uuabsorbed 
.1990 Absorbed 
.2376 TJnabsorbed 



The experiments of Liebig* on the absorp- 
tion of phosphoric acid, were made with solu- 
tions of phosphate of lime in carbonic acid 
water 

* Annal. d. Chem. u. Pharm., cy. 109. 
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Way* is said to have ofeserved the with- 
drawal, of phosphoric add from phoi^hfate of 
Boda, but the above are the first determinations 
I have seen, of the amount withdrawn from this 
:State of combination. 

Of the phosphoric add pre«nt, 

The surface soil absorbed 61 |)er cent. 
And the subsoil », 55 ^^ 

Of the soda, 

The surface soil absorbed 34 per eenh 
And the subsoil ,, 46 



>» 



» 



Silicate of "PerrAga, 



SUicicacid. 
Potash 



After the action of 

100 grsimnes of 

surface BoiL 



r Absorbed. . . .2932/ 
lUnabsorbed .0333 j 
/Absorbed... JMM> 
lUuabsorbed .1281) 



Originally 
in 600 c. c. 



.3265 
.0735 



After the action of 

100 grammes of 

subsoil. 



.2970 Absorbed 
.0295 Unabsorbed 
.6102 Absorbed 
.0683 Unabsorbed 



Hence, of the silicic xtcid present, 

The surface sodl absorbed 90 per. eent. 
And the subsoil „ 91 •„ 

Of the potash, 

The snrface soil absorbed 81 per cent. 
And the subsoil „ 91 



99 



it 



* Quoted in Liebig, Poggendorff, u. Wohler; Handw. d. Chem. 
(2te Aufl.), b. ii. s. 229. 
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The above results are represented to the eye 
by fig. 8, A, B, C, D, E, and F. The rectan- 
gular space in each figure is divided by vertical 
lines into three equal parts, of which the middle 
one represents the composition of the substance 
originally present in solution, a horizontal line 
running across all three vertical columns, and 
dividing the space proportionally, to the rela- 
tive amounts of acid (above the Kne), and baee 
(below) ; the vertical division on the left, exhi- 
bits the absorptive efiect of the surface soil, the 
space standing for the proportional amount of 
acid or base absorbed being of a darker tint 
than the rest; and the. right-hand vertical divi- 
sion shows in the same way the effect produced 
by the snbsoa. 

In fig. 8, G (a repetition of A), H, and I, the 
same mode of representation is appAied. to com- 
paring the relativte amounts of ^immonia, NHg, 
absorbed, irom simple solution in ^water, and 
from the solutions of chloride and sulphate ; 
the fact being remembered, that in the cases of 
the salt, a less absolute quantity of ammonia 
was present in the soiiaition, the same strength, 
1 gramme to 500 c. c, having been adopted for 
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these, and for free ammonia* The figures ex- 
hibit the per-centage amount, of the ammonia 
present in each case which underwent absorp- 
tion. 

J and K show the same thing with regard to 
potash in the nitrate and silicate respectively. 

As to the degree of general absorptive 
power for salts, &c., which the foregoing results 
indicate as possessed by the cane-brake soils, it 
is not easy, in the present imperfect state of our 
knowledge, upon this subject of saline absorp- 
tion, to form an exact opinion. The results 
which are already on record have been ob- 
tained by experiments made under various con- 
ditions as to quantity of soil, strength of solu- 
tion, time of action of soil, &c. j but taking such 
cases as admit of use for purposes of com- 
parison, there can be no doubt of the very 
high absorptive power possessed by the cane- 
brake specimens. Thus, Henneberg and Stoh- 
mann* found with regard to the calcareous soil 
of their experiments, from Weende, near Got- 
tingen, that 100 grammes absorbed, from 200 
c. c. of a solution containing .340 grammes of 

* Annal. d. Chem. u. Phann.^ cvii. 159. 
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ammonia (=.850 grammes in 500 c.c.) after 24 
or 168 hours of contact, about .095 grammes; 
and when a solution containing .680 grammes in 
200 C.C. (==1.70 grammes in 500 c c.) was used, 
about .149 grammes was absorbed. In these 
experiments, then, imder the conditions stated, 
the absorption of ammonia by 100 grammes was 
even from the stronger solution not more than 
one-third that of the cane-brake soil, or one- 
fifth that of the subsoil. Using a solution of 
chloride of ammonium nearly one-half stronger 
than mine (equivalent to .170 grammes NHg in 
200 c. c, =.425 grammes in 500 cc), the ab- 
sorption of ammonia was about one-third that 
of the cane-brake soils. The disproportion is 
even greater in the case of sulphate of am- 
monia. 

In the experiments of Brustlein,* the most 
absorptive earth examined, was that from Be- 
chelbroun, and of this 50 grammes absorbed 
in 24 hours from 100 c. c. of a solution con- 



* Annales de Chimie et de Physique, t. ii. ch. vi. p. 165, quoted 
in R. Hoffmann's Jahresbericht iiber die Fortsche d. Agricultur- 
Chem, 1859-60, s.i. 

I 
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taiaing .355 grammes of caustic ammonia 
(^= 1.775 grammes in 500 cc.) .059 grammea 
(= .118 grammes for 100 grammes of soil)?— ^ 
ooe-fourth to one-sixth the amount taken op 
by the cotton soils. Compared in the same 
way, the Bechelbroun soil absorbed, from solu- 
tion of chloride of ammonium, of more than 
half the strength used in my experiments^ 
about one-fourth as much ammonia, and. from 
a solution of six times the strength of mine a 
very little mpre ammonia than the cotton 
soU. 

The experimeats of Voelcker,* compared in 
the same necessarily imperfect way, indicate 
an absorptive power for ammonia of the soils 
examined by him, varying from one-half to one- 
fifth that of the cotton soil. 

As to potash, Liebigf found that 1000 
c. c. of the most absorptive soil examined by 
him — a plastic, loamy clay from Hungary — . 
(= about 1.232 grammes) were required, when 

* Journal of the Eoyal Agricultural Society of England, xxi. 
105. 
f Ann. d. Chem. n. Phann., cv. 109. 
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shaken np with a solution of silicate of potash 
(containiog 1.183 grammes EO and 2.780 
grammes SiO^ to the litre), to (Jestroy the 
alkaline reaction of 2855' c. c. of solution — 
hence the soil had taken up 3.877 grammes oi 
potash. This" is equivalent to .274 grammes 
of potash absorbed by 100 grammes of soil, 
from a solution not quite as rich in potash as 
mine (^5915 grammes instead of .6735 grammes 
in 500 c. c), from which 100 grammes of the 
cane-brake soil and subsoil absorbed .54 
grammes and .61 grammes respectively. 

Comparing the two cane-brake specimens 
with each other, the power of (supposed) me- 
chanical or adhesive absorption seems to be 

> 

much stronger in the case of the subsoil than 
of that from the surface, as is indicated by the 
relative quantities of caustic ammonia with- 
drawn from solution; but when chemical de- 
composition also comes into play, the greater 
amount of lime in the surface soil, brings it 
nearer to an equality with the subsoil, and in 
one instance — that of the absorption of phos- 
phoric acid — places it above the latter. It 

I 2 
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will be seen, by reference to the experiments 
of a few pages back, that the subsoil exceeded 
the soil, in power of absorbing ammonia, much 
more when this substance was in solution, than 
when it was in the gaseous state ; in the latter 
case the two were more nearly upon an 
equality. 

Comparing the relative quantities of ammonia 
absorbed in the caustic state, as chloride of 
ammonium, and as sulphate of ammonia, we 
find the numbers to be 





NH, 


NH4CE 


HN40, so. 


Surface soil 


48 p. c. 
71 „ 


51 p. c. 
54 „ 


52 p. c. 
62 „ 


Subsoil 



and, comparing in like manner the potash ab- 
sorbed as nitrate and silicate, we find 



Surface soil . 
Subsoil 




»K0, SiOj 

81 p. c. 
91 „ 



In no case did complete absorption of any 
soluble substance take place ; the results therein 
agreeing with those of Henneberg and Stoh- 
mann, Brustlein and Voelcker. 
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It is remarkable that Liebig,* in attempting 
to prove the fallacy of the view generally held 
as to the mode in which plants obtain their 
mineral food, bases his argument upon these 
two positive statements,! that such substances 
as are indispensable articles of food for plants, 
are completely withdrawn by the soil from so- 
lution in water, and that rain-water filtered 
through soil, does not dissolve out a trace of 
potash, silicic acid, ammonia, or phosphoric 
acid. Both propositions are opposed to the 
quantitative results of all the experiments 
hitherto made. J If, in fact, arable soil possesses 
the power of absorbing, not the whole, but a 
large proportion of the ammonia, potash, phos- 
phoric acid, &c., which water brings to it in 
solution, and of again yielding these absorbed 
substances to the solvent action of water, but 

* Letters on Modern Agriculture ; edited by J. Blyth, M.D, 
London, 1859. 

t Ibid,, pp. 30, 31, 34, &c. 

:|: Vide Henneberg and Stohmann, Ann. d. Ckem. u. Fharm., 
cvii. 152 ; Way, Joum. of Roy. Agric. Soc. of England, xvii. 
123 ; Yoelcker, ditto, xxl 105 ; Brustlein, Ann. de Chim. et de 
Phys., ii. vi. 165 ; Verdeil andRisler, Dingier polyt. Joum., cxxvii. 
388 ; Krocker, Anna!, d. Preuss. Landwirthsch, xxii. 391 ; 
Zoller, Ann. d. Chem. u. Pharm., cyii. 27. 
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very slowly^ should we not rather view this re- 
markable property as a most beautifiil pro- 
vision for the storing up and gradually supply- 
ing to plants the mineral food which they 
need, and which we may still assume to be 
taken up by their roots in the state of aqueous 

solution ? 
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CHAPTER Vn. 

MECHANICAL AKlLTglS X)F GAN£-<BEAE£ SOIL. AND. SUBSOIL. 

The necessity of presenting, in connexion 
with the chemical analysis of a soil,un accurate 
description of its texture, "flie coarseness or 
fineness of its constituent particles, &c., is re- 
peatedly insisted on by writers upon agricul- 
tural chemistry, but unfortunately the sug- 
gestion is seldom fairly carried into practice. 
The state of division of a soil is generalDy 
mentioned but inloose and inexact terms— re- 
sults t)f precise experiment, comparable with 
the obserrations of other experimenters, are 
not often given. It is much to be desired 
iSbat some generalagreement were estabHsherd 
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amongst analysts as to a precise method in 
common, of iexamining soils in this, as well as in 
other respects ; the value of the mass of facts 
constantly accumulating would be much en- 
hanced, if thus all were determined by the same 
uniform methods, and were, therefore, imme- 
diately and fully comparable with each other. 

The great uniformity and very fine state of 
division, of the cane-brake soils, rendered their 
mechanical analysis a comparatively easy task : 
the following method was employed. 

Of the fairly selected samples of soil and 
subsoil, portions of a kilogramme each, were 
taken in the air-dried state. Each specimen 
was, in the first instance, boiled with an excess 
of water until thoroughly disintegrated and 
reduced to a uniform thin mud ; this was ab- 
solutely essential, and required two or three 
hours' boiling and frequent stirring, so great was 
the tendency of the fine plastic day, to form 
and remain in clots or lumps. The creamy 
mud thus produced, was poured upon a sieve, 
which opened below upon a second, the second 
upon a third, the third upon a fourth, and the 
fourth upon a large funnel, which discharged 
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all that had passed through the series of sieves 
into glass jars. 

Of the four sieves, which were made of brass- 
wire gauze, the first had 36 meshes to the 
square inch, the second 100, the third 400, and 
the fourth 1600 meshes. * 

The matter caught upon each of the sieves, 
was washed with water, to free it fi:om adher- 
ing finer particles, dried in a steam-bath, and 
weighed ; in order to get the proportion of or- 
ganic matter, the latter might have been burned 
oflT, and the loss of weight determined, but the 
quantities of material collected upon the several 
sieves were so small, that there was no difficulty 
in picking out with a pair of forceps the grains 
of inorganic matter, from the little fragments of 
roots, leaves, &c. ; this was therefore done, and 
the two were weighed separately. 

The finer portion of the soil, which had 
passed through all the sieves, was treated 
according to the general directions of F. 
Schubze ;f it was placed, as mud, in a conical 
vessel (the apex of the cone downwards) of 

* That is to say, the meshes were respectively l-6th, 1-lOth, 
l-20th, and l-40th of an inch on the side of the square, 
f Joom. for prakt. Chem., zlvii. 265. 
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15 inclies in height, and washed by a stream 
of water flowing through a tube which reached 
to the bottom of the vessel. The tube was f th 
of an inch (5 milUmitres) in diameter, drawn 
out at the lower end to a diameter of ^th of 
an inch (1 millimetre), and water was allowed 
to flow into a funnel at the upper end so as to 
keep the colunm of water in the tube con- 
stantly *2 inches (50 millimetres) above the 
level of that in the conical jar itself. A side 
tube, near the top of the jar, gave exit to the 
water lad^i with matter in the finest state of 
division ; it flowed off into another vessel, in 
which aU suspended matter was finally allowed 
to subside. The portions washed off and re- 
maining after the washing process, were ex- 
amined under the microscope, the organic 
matter was burnt off, and the loss of weight 
determined. 

As the results of chemical analysis were 
calculated, for the soil, in various conditions of 
mmsture or dryness, it seemed well to present 
the mechanical analysis in the same form; 
hygroscopic water, therefore, is included in the 
statement of the latter. This is particularly 
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desirable in the case of these cane-brake soils, 
on account of the large amount of water which 
they are capable of retaining. The results of 
analysis have been calculated for the following 
cases : 

1. The soil and subsoil as taken from the 
field, each containing, therefore, the amount 
of moisture due to its depth below the surface, 
in moderately dry, cool weather (vide mpra.). 

2. The soil specimens in their air-dried 
state; that is, dried by mere exposure to the 
air of a room at 50 or 60 deg. Fahr. 

3. The same dried at the temperature of 
boiling water, until they ceased to lose weight. 

4. The same deprived of combined, as well 
as of hygroscopic water, and of organic matter 
— the fixed inorganic portion alone being con- 
sidered. 

The mechanical analysis, thus stated, pre- 
sents the following results:* 

* Owing to the difficulty of getting large quantities of highly 
hygroscopic soil into the same condition of dryness, it was im- 
possible to exhibit the exact loss or excess due to deketbre 
manipulation, which was, however, a small fraction of one per 
cent. The lesuUs are therefore calculated as for 100 parts of 
material used. 
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SURFACE SOIL, AS TAKEN FROM THE FIELD. 

MECHANICAL ANALYSIS. 



Separation 
of particles. 



Propor- 
tionate 
weights. 



Cane-brake soil. 



1 



Cangbt on 

sieve of 1 

86 meshes { 

to the inch. ) 



Canght on 

sieve of 
100 meshes 
to the inch. 



Caught on 

sieve of 

400 meshes 

to the inch. 



Canght on 

sieve of 
1600 meshes 
to the inch. 

Residue 

from wash. 

ing process, 

very finely 

divided, 

scarcely 

could be 

called sand. 

Portion 
washed 
off — ^most 
finely di- 
vided. 



.35 



.27 



.83 



.48 



20.02 



53.61 



Water, 



• 1 



24.99 



C Inorganic matter. (Hard frag- 
•< ments of clay, burnt black and 
(red* — one or two small shells)... 
^Organic matter. (Fragments of 
•< twigs, bark, root-fibres, &c. — one 

(or two bits of charcoal*) 

C Inorganic matter. (Hard bits of 
< burnt clay,* concretionary grains 

( — oxide of manganese) 

Organic matter. (Fragments of 
twigs, bark, root- fibres, &c. — 
one or two bits of charcoal,* and 

seeds) 

( Inorganic matter. (As on sieve 
Kof 100 meshes, with one or two 

(grains of quartz) 

^Organic matter. (Fragments of 
•< twigs, bark, root-fibres, and leaves, 
(a little charcoal,* and some seeds) 
f Inorganic matter. (As on sieve 
I of 100 meshes— some black, pro- 
^ bably burnt, grains distinctly 
I magnetic — a good many grains 

l^of quartz) 

j Organic matter. (As on sieve of 

(400 meshes) 

( Inorganic matter. (Appeared 

J under the microscope as chiefly 

y consisting of very minute grains 

(of yellowish quartz) 

/Organic matter — (Particles of ve- 

jgetable fibre, more or less decom- 

j posed) — with chemically com- 

(bined water 

( Inorganic matter — (Clay and si- 
\ Ilea in a state of extreme divi- 
j sion — a few infusorial skeletons) 
(,with portion soluble in water..... 
Organic matter — (Particles of ve- 
getable fibres) — with combined 
water, salts of ammonia, and 

other volatile matter 

j Water driven off at 100° C 

( Water lost by free exposure to air 



100.00 



0$ 

s 

8 



O O as 
So-* 

6§8 



.17 



.16 



.12 



.18 



.11 



.21 



.11 



18.07 



.32 



1.95 



47.19 



65.82 



6.42 

6.82 

18.17 



34.18 



Owing to burning of logs dunng tlie lecent dtaxmig of the land. 
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SUBSOIL, AS TAKEN FROM THE FIELD. 

MECHANICAL ANALYSIS. 



Separation 
of particles. 



Propor- 
tionate 
weights. 



Cane-brake subsoil. 



; on ^ 
of I 
ihes [ 



Cangbt 

sieve 

86 meshes 

to the inch. 

Caught on 

sieye of 

100 meshes 

to the inch. 

Caught on 

sieve of 

400 meshes 

to the inch. 



.05 



Caught on 

sieve of i 
1600 meshes < 
to the inch. 

Residue 
from wash- 
ing process, 
very finely 
divided, 
scarcely 
could be 
called sand. 



1 Inorganic matter. (Concre- 
tionary grains of day, limo- 
nite, oxide manganese) 
Organic matter 

rinoi^ganic matter. (As on sieve 

.05 •<of 36 meshes) 

(Organic matter 

C Inorganic matter. (As on sieve 
•<of 86 meshes, ¥dth one or two 

K .14 ( quartz grains) 

{ Organic matter. (Fragments 

( of roots) 

f Inorganic matter. (As on sieve 

of 86 meshes, with a good 

< manylittle quartz grains. Some 

.85 of the iron-shot particles pretty 

(^strongly magnetic) 

5 Organic matter. (Fragments 
of roots) 



y 25.88 



C Inorganic matter. (Extremely 
•< minute particles of yellowish 

Cquartz) 

^Organic matter — (Particles of 
-V vegetable fibre) — with chemi- 
(caUy combined water 



Portion 
washed 
off — most' 
finely di- 
vided. 



Water. 



■ \ 



Inorganic matter — (Most finely 
divided day, and excess of 
silica)— with matter soluble in 

water 

V 46.50 r Organic matter — (Minute par- 
ticles of vegetable fibre) — with 
combined water, salts of am- 
monia, and other volatile 

(^matter 

f Water driven off at 100° C 

27.58 •< Water lost by free exposure to 

(air , 

100.00 



1 



s 

8 






S: 



lis 



.05 



.05 



.00 



.00 



.13 



.01 



.84 



.01 



24.08 



1.30 



42.18 



66.88 



4.82 
7.86 

19.67 

88.17 
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SURFACE SOIL, AIB-DRIED. 

MECHANICAL ANALYSIS. 



Separation 
of particles. 



Propor- 
tionate 
weighta 



Gaae-bniEe aoiL 



Caught on 

sieve of 

86 meshes 

to the inch. 

Caught on 

sieve of 

100 meshes 

to the inch. 

Caught on 

sieve of 

400 meshes 

to the inch. 

Caught on 

sieve of 

1600 meshes | 

to the inch. J 

Residue t 

from wash- > 

ing process. ) 



Portion 
washed off. [ 
I 



Water. 



J 



^ j Inorganic matter 

I Organic matter-... .^ 



•••••••»« •••••« 



on ( Inorganic matter. 
•^^ i Oiganic matter.. 



.^ C Inorganic mattec , 

C Organic matter.^. .••• .»• 



go 5 inorganic matter. 
( Organic matter-. 



( Inorganic matter 

24.46 < Organic matter, with chemi- 

( cally combined water , 
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SUBSOIL, AIR-DRIED. 

MtfCHANfCAI* ANALYSIS. 
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SUBFACE SOIL, DRIED AT 100® C. 

MKCHAiaCAL AKALTBI8. 
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MECHANICAL ANALYSIS. 
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SUBSOIL, DRIED AT lOO® C. 



MECHANICAL ANALYSIS. 
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Subsoil. Fixed inorganic portion considered separately. 

Caught on sieve of 36 meshes to the inch 07 

Caught on sieve of 100 meshes to the inch 07 

Caught on sieve of 400 meshes to the inch 20 

Caught on sieve of 1600 meshes to the inch ^ 52 

Residue from washing process 36.03 

Portion washed off, including portion soluble in water 63.11 

100.00 
E 



130 THE SCIENCE OF 

The above results furnish striking evidence 
of the very fine state of division of these cane- 
hvaJsie soils. They contain no stones or gravel, 
scarcely any particles, in fact, of more than 
•j^th of an inch in diameter, since almost the 
whole passes through the finest sieve used, 
and, when washed, they yield a very high per- 
centage (65 — 70 when dry) of impalpably fine 
matter. A slight increase of velocity, in the 
stream of water used for washing, would have 
borne along the whole of the sifted soil. 

Such a uniform state of comminution — per- 
mitting the fi:ee passage of the roots in all 
directions, and presenting an enormous surfece 
of the particles to chemical or solvent action — 
is of course highly favourable to fertility ; in- 
deed, in a paper published several years ago,* 
D. A. Wells attributed to this single cause the 
great fertility of " bottom" and " prairie" soils 
from the Scioto Valley, Ohio — a part of the 
rich grain producing region of the North- Wes- 

♦ American Journal of Science [2], xiv. 11. 

From the statement made in this paper as to the sesult of aift« 
ing the specimens through a sieve of 60 meshes to the linear 
inch, it seems that the cane-brake soil of Alabama contains still 
fewer coarse particles. 
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tern States — since, on examining these soils, 
he did not find them to present any marked 
superiority as to the chemical nature of their 
constituents, over others from New England, 
which were considered sterile. 

The enormous surface in proportion to mass 
presented by the particles of a soil in a state of 
extreme sub-division, and its consequently high 
adhesive power, which enables gases, aqueous 
vapour, liquid water, and even soluble mineral 
salts, to be absorbed and retained in large 
amount, sufficiently explain the favourable 
ejQfect upon vegetation. 



k2 
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CHAPTER Vni. 

CHEMICAL ANALYSIS OF COTTON SOIL AND SUBSOIL. 

My intention being to make the chemical 
examination of these cotton soils as com- 
plete as possible, a method of analysis was 
adopted, based in general upon the directions 
of Fresenius,* departing, however, from these 
in some respects, especially as regards the 
quantities of soil used for the various experi- 
ments. Although the finely divided and uni- 
form character of the cane-brake soil, causes 
a more than unusual probability of obtaining a 
fair average result from analysis conducted upon 

* In the last (German) edition of Lis " Introduction to Che- 
mical Analysis." The valuable chapter by Otto upon soil analysis, 
in Sprengel's " Boden-Kunde," has been also frequently re- 
ferred to. 
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a small quantity, it is not well to trust this pro- 
babmty too far. In such a complex mixture 
as a soil, it is, I think, always desirable to take 
for examination a tolerably large amount; 
many soil analyses on record, made upon a 
few grammes of material abounding, perhaps, 
in coarse grains of sand and gravel, may not 
unfairly be set down as worthless, merely from 
want of precaution as to this fact. It is easy, 
from a soil, although itself far from uniform in 
character, to get a perfectly uniform mixture 
of all the more important constituents — those 
which are extracted by water or acids — ^if we 
simply prepare the solutions of these, from 
known and large quantities of soil, and then 
weigh or measure off such portions of the 
solutions as may be needed for the several 
determinations. Assuming even, that a soil 
is itself, absolutely homogeneous, it becomes 
necessary to use a large amount for analysis, 
if we would determine quantitatively, the con- 
stituents soluble in water, the* sum of which 
amounts usually to but a small fraction of 1 per 
cent, of the entire mass. To determine ac- 
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curatdy the minute quantities of phosphoric 
acid and the alkalies in aqueous, or some- 
times even, in acid solutions, we must get 
weighings which are reliable in the fourth de- 
cimal place, as referred to 100 parts of -aoiLi 
aich numbers really mean nothing, if the 
detenninatifln have been made from only a 
fewg«ma.esofa„„rigmdm««W. 

The following course was pursued with the 
cane-brake soils. All the portions of air-dried 
soil used were weighed out at the same time, 
90 as to agree in kygrosoqpic condition. 

1. Water. 

1000 grammes, of each of the soil specimens, 
was we^ed off, at the time of collection from 
the field, and put up separately. Each sample 
was spread out, loosely covered with sheets of 
paper, and exposed to the air of a room ak 
50 to 60 deg. Fahr. (10 to 15 d^. C), for 
several weeks, until it ceased to lose weight. 
The main bulk of the soil collected for analysis, 
having been hi like manner " air-dried," aOO 
^ammes, of the thoroughly mixed air-dried soil, 
was dried 9t the temperature of 100 aeg. C*^ 
and the loss of weight determined. The same 
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portion, was then kept at 150 deg. C, mrtfl it 
ceased to lose weight. It was finally heated to 
moderate redness, in a shallow dish of platinum 
foil, placed in a muffle, until all remaining watCT, 
salts of ammonia, &c., had been volatilised, 
and the organic matter had burnt off After 
moistening with carbonate of ammonia, and 
gently re-heating, it was weighed. 

2. Organic matter. 

To determine, the (so-called) humic add, ul- 
mic acid, &c., a sample of 200 grammes, of most 
intimately mixed soil, was heated nearly to boil- 
ing for four hours, with 500 c. c. cold, of satu- 
rated solution of carbonate of soda and 500 
c. c. of water; the solution was poured off, 250 
c. c. of carbonate of soda solution with 500 
c. c. of water were added, and this more dilute 
fluid, was heated for two hours more. After 
both solutions had been filtered, the mixed 
filtrates were precipitated by dilute hydro- 
chloric add, added up to incipient acid reac- 
tion. The predpitated humic acid was collected 
upon a weighed filter, dried at 150 deg. C, 
and weighed. It was subsequently burned, 
and the weight of ash deducted. 
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For the humus-coal, or humine with ulmine, 
&c., the portion of soil which had been already 
employed in determining the humic acid, Was 
treated with 800 c. c. of moderately concen- 
trated solution of caustic potash, nearly at the 
boiling point, for four hours, then with 200 c. c. 
of the same solution in addition for two hours 
more. From the decanted and filtered solu- 
tions, brown flocks of humus were precipitated 
by dilute acid, and as before filtered out, dried 
at 150 deg. C, weighed, burned, and the 
amount of ash deducted. 

In calculating the results of analysis, the 
carbon of the humoid substances, is reckoned 
at 60 per cent., on the authority of Schubze. 

The . portion of soil from which the above 
substances had been removed, was treated with 
an excess of dilute hydrochloric acid, in order 
to drive off all the carbonic acid of carbonates, 
it was then washed, dried, and the remaining 
carbon determined by careful burning with 
oxide of copper in a stream of oxygen.* The 

* An attempt was made, with another portion of air-dried soil, 
to determine the carbon, by treatment with bi-chromate of potash 
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carbon, was assumed to belong to root-fibres, 
&C.5 and the amount of such residual organic 
matter, was calculated for the subsoil, by allow- 
ing 44.44 per cent, of carbon, the proportion in 
cellulose (C^ H30O30). In the case of the sur- 
face soil, in which some particles of charcoal 
(derived from the burning of logs) had been 
observed, the carbon was reckoned at 50 per. 
cent, of the undecomposed organic matter. 

The trace of organic matter, set down as 
crenic, apocrenic, or some similar acid, was 
obtained by adding ammonia, to the solution 
from which humus-coal had been precipitated. . 
Alumina had been dissolved by the caustic 
potash used, and remained in solution after the 
humus-coal had been separated by hydrochloric 
acid ; this alumina, when thrown down by am- 
monia, carried with it a trace of organic matter. 

A fresh portion of 200 grammes of air-dried 
soil, was treated with boiling alcohol of 90 

and concentrated sulphuric acid, the carbonic acid evolved, being 
collected in potash bulbs in the usual way. This method gave, 
in a single experiment, very fairly satisfactory results, and is 
convenient, on account of the large quantities of soil which can 
be thus treated. 
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p. c., in order to dissolve oat any resinous 
matter. After filtration the liquid was evapo- 
rated nearly to dryness, cooled, and diluted 
with water. The traoe of resin-like substance, 
thus obtained from the surface soil, was sub- 
tracted from the weight of huraic acid found. 
. To estimate the ammonia, 500 grammes of 
soil, was mixed with milk of lime, and heated 
for several hours in a steam-bath, the expelled 
ammonia was rec^ved in dilute sulphuric acid, 
and volumetrically determined. 

This method, however, was not foimd at all 
satis&ctory. The evolution of ammonia became 
excessively slow, ere long, yet when the pro- 
cess was stopped, traces were still coming over. 
It seems impossible, although the contrary has 
been asserted by Mayer,* thus to determine the 
whole ammmt present in the soil. 

* Liebig, Poggendorff, and Woliler ; Handwort d. Chem. (2*© 
Aufl. iL), 252. Mayer nsediuiastic soda to expel the ammonia. Knop 
and Wolff (in a paper which I have only seen in abstract) are 
said to have applied & new method, involving the nse of a hypo- 
dilorite, to the determination of nitrogen in soils, and according 
to their results, fertile soils do not yield appreciable traces of 
ammonia, — Chemisches Centralblatt, April, 1860, pp. 244-247, 
quoted in the Repertoire de Chimie pure, October, 1860, p. 362. 
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The nitric add was determined, in a separate 
aqueous extract, prepared from 1000 grammes 
of air-dried soil, by the mode described fur- 
ther on. As organic matter was present, it 
became necessary, to estimate the nitric add 
by the method of Schlosing, as given by Fre- 
senius. The process is troublesome, but yielded 
satisfactory results, ^rhen checked by experi- 
ments made in the same way upon known 
quantities of pure nitrate of potash. 

The total amount of nitrc^en present in the 
soil, was determined by elementary analysis, 
employing the method of Simpson ; then, 
having subtracted the quantities of nitrogen 
contained in the ammonia and nitric acid, the 
remaunder was set down as belonging to the 
unchanged vegetable matter. 

The sum of ail the organic substances found, 
being deducted from the weight lost, by the 
soil (previously dried at 150 deg. C), on heat- 
ing to redness in the air, the diflference repre- 
sented the water which had. been retained with 
most tenacity. 

S. Inorganic matter soluble in water. 
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2000 grammes of air-dried soil (in four sepa- 
rate portions of 500 grammes each) was treated 
with cold distilled water in the way recom- 
mended by Schubze ; that is to say, each por- 
tion was placed in a percolator, delivering be- 
neath into a Woulfe's bottle, from which the air 
could be partially withdrawn by an exhausting 
syringe. Water was poured on in small quan- 
tities, and allowed to remain in contact with 
the soil for several hours, before it was drawn 
through, by exhausting the air beneath. The 
process was continued for two or three weeks, 
• until mere traces of saline matter appeared to 
be dissolved out ; yet, nevertheless, the solution 
thus formed probably did not contain the whole 
of the matter which the soil was capable of 
yielding to cold water. Water passes through 
the cane-brake soil with such difficulty, that, if 
there be the least inequality of compactness in 
the material in the percolator, capillary chan- 
nels may be established through the looser por- 
tions, and the liquid make its way through these 
almost exclusively, thus failing to exhaust of 
soluble matter, the less permeable parts of the 

mass. 
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The above process is, however, the only one, 
by which a dear aqueous solution can be ob- 
tained, in anything like a reasonable time;* no 
ordinary filtration through paper nor any pro- 
cess of decantation, will remove the excessively 
fine particles of suspended matter from the 
muddy water, which has been once mixed with 
the soil. 

The aqueous extracts were mixed, evapo- 
rated to a moderate bulk, and divided by ac- 
curate measuring into separate portions, from 
which the various constituents were determined 
by the usual methods of analysis. 

The phosphoric acid was precipitated by 
molybdate of ammonia, the precipitate re-dis- 
solved in caustic ammonia, and the acid deter- 
mined as pyro-phosphate of magnesia. 

4. Inorganic matter soluble in hydrochloric 
acid. 

One of the portions of soil (of 500 grammes 
in the air-dried state) from which the matter 
soluble in water had been removed, was heated 

* A kilogramme of separate soil, treated in the same way, 
yielded the aqueous solution, from which the nitric acid was de- 
termined, as above stated. 
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over a water-bath, for several hours, with hy- 
drochloric acid of moderate strength, under 
which treatment the lumps rapidly broke up, 
and complete disintegration took place; the 
greater part of the acid was poured off, and 
replaced by a fresh portion, which was again 
heated for some time. The solution was fil- 
tered, and the undissolved matter washed, 
without difliculty. The filtrate, mixed with 
the wash-water, was divided by measure, into 
separate portions, for the determination of the 
several substances in solution ; larger qisan- 
titles being used^ for the estimiatioai of such 

substances, as were present in small amount. 

« 

The phcephoric acid was predj^tated from this, 
as fix)m the other solutions, by molybdate of 
ammonia. The other substances were deter- 
mined by the usual methods. 

A separate portion of soil, was treated with 
hydrochlorie acid, in a flask filled with car- 
bonic acid gas, and the solution thus prepared 
was tested for protoxide of iron ; a trace only 
was detected in the case of the surface soil, and 
this may perhaps have been caused by the 
action of finely divided organic matter on 
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the application of heat. A separate portion 
of air-dried soil, was also treated with very 
dilute nitric acid, at a gentle heat^ and from 
this solution, the whole of the chlorine pre- 
sent, was precipitated by nitrate of silver; the 
quantity found in aqueous solution was then 
deducted. The considerate amount of chlo- 
rine, thus referred to acid solution, as oom- 
pared with that dissolved out by water, is, I 
think, one evidence, that the latter had not 
thoroughly exhausted the soE of soluble matter. 
No power of withdrawing chlorine from solu- 
tion by the soil itself, appears to be indicated 
by the absorption experiments. 

5. Inorganic matter, decomposable by strong 
sulphuric acid. 

The matter left undissolved by hydrochloric 
acid, was treated in successive portions, with 
mono-hydrated sulphuric acid, heated in a 
large platinum dish until it gave off copious 
fumes. After cooling, water was added to thfi 
mass, the whole waa filtered, and the residue 
washed. 

The substances dissolved in the filtrate, were 
determined from separate portions. The alu- 
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mina still retained a trace of phosphoric 
acid. A little silicic acid had been dissolved ; 
but a much larger quantity, separated from 
alumina, remained upon the filter, mixed with 
that which had been unafiected by sulphuric 
add. 

6. Inorganic matter, unacted on by sulphuric 
add. 

The material left upon the filter as just men- 
tioned, was boiled with a moderately strong 
solution of carbonate of soda, and the silicic 
acid thus dissolved out, being determined, 
was set down as separated firom alumina by 
sulphuric acid; a part of it may possibly 
have been free silica, in a state of excessively 
fine division. 

The portion undissolved by carbonate of 
soda solution, or rather a sample of it, was 
fluxed with solid carbonate of soda, and was 
found to consist of silica, with a mere trace of 
alumina. 

Analysed in the above way, the cane-brake 
soils yielded the following results, which were 
obtained in the first instance, for the specimens 
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in their air-dried state, and were then cal- 
culated for the other conditions of moisture or 
dryness. The same per-centage amount of 
loss, due to the defects of experiment, which 
actually appeared upon the analysis of the air- 
dried soils, has been assumed, in the other cal- 
culated analysis ; though the propriety of this 
assumption is doubtful, as it is impossible to 
say how otherwise the loss should be divided, 
as between organic and inorganic matter, 
water, &c. 
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SUBFACE SOIL (CA1TE.BRAEE> FIXED INORGANIC 
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In looking over these results, the necessity 
becomes obvions for exHbitiDg them with 
reference to more than a single condition of 
dryness, in order that they may be readily 
compared with other similar analyses ; . both soil 
and subsoil as they were taken from the Jieldy al- 
though not appareMhj m a wet state^ cofvtained 
nearly a third of their weight of water — and 
even when air 'dried they retained ahovi 15 
per cent — this affecting proportionally the 
amount, as exhibited, of all other substances 
present. 

But a very small per-centage, of matter sohMe 
in water y is to be found in the analyses; this 
may in part be accounted for, by the imperfect 
washing of the soil by percolation, as already 
jioticed, bat a comparative experiment, made 
by boiling a quantity of soil with water imtil 
thoroughly disintegrated, and evaporating to 
.'dryness, the filtered but not perfectly clear 
solution, proved that the quantity of matter 
thus dissolved, was not very much greater than 
that extracted by percolation. The proportion 
in which the separate constituents were dis- 
solved by water, agrees on the whole with the 
results of the experiments on saline absorption ^ 
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—lime and magnesia,iis carbonates, were taken 
up in relatively large, potash and soda in small, 
amount ; the latter alkali to a greater extent 
than the former. The cjuantity of phosphoric 
acid is larger than one would axpecL The 
presence of a trace of alnm^ was idistinctly 
ascertained, yet experience of ihe ^eat dif- 
ficulty with which such excessively fine day 
can be removed from water by filtratiouy makes 
me suspect the possibility, of . this aiunkma 
having been merely suspended, an ta solution 
to all appearance perfeobly clear. 

The two adds employed Are foisnd to have 
attacked a very large portion of the soil, about 
30 per cent, only, of the cair-diied. mass being 
left unaffected. Alumina and sesquioxide of 
iron are the substances dissoli/fed in I&i^est 
amount — the quantity of the fonmer is .unusu- 
ally large — 16 per cent, in all of the air-dried 
surface soil, and 20 per cent, of the subsoil. 
In this respect, these Alabama . specimens re- 
semble many of the Indian soils analysed l?y 
Messrs. Bemays and Manning for Dr. Eorbes 
Watson.* Very few European soils exhibit 

* Dr. J. Forbes Watson : Paper on the chief fibre-yielding 
plants of India, read before the Society of Arts, London, May 
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80 large a proportion of alumina. The pre- 
sence of this earth is so directly connected 
with, and marks absorptive and retentive pro- 
perties for water, as to render it far more im- 
portant in soils situated under the climate of 
India, or the Southern States of America, than 
in cooler latitudes. The presence of a small 
quantity of oxide of manganese in the acid ex- 
tract (and in the aqueous extract of the sub- 
soil also) is in accordance with the results of 
Dr. R Peter, who has shown that this metal 
is very generally diffused throughout the soils 
of Kentucky, of which he has examined a large 
number.* 

As to the substances directly needed as food 
by the cotton-plant, it has been shown in 
general by the ash analysis of Dr. Jackson,f 
that the principal are phosphoric acid, lime, 
magnesia, potash, and soda. All of these are 

9th, 1860. The soil analyses reported in this very valuable paper 
are speciallj suited for comparison with those here detailed, as 
the former refer to many of the principal cotton regions of 
India, and were made with special reference to the subject of 
cotton culture. 

♦ D. D. Owen : 2nd and 3rd Keports of the Geol. Survey of 
Kentucky, 1857. 

t U. S. Patent Office Eeport for 1857 : Agriculture, p. 296. 
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present in considerable amount. But any 
statement as to the larger or smaller amount of 
such substances present in a soil, should be 
made with reference to the demands of the 
plant to be cultivated, and precisely here it is 
that our present knowledge is defective, not 
merely with regard to cotton, but to probably 
all cultivated plants. We frequently find ap- 
pended to an analysis the statement — "This 
soil, it will be seen, contains an abundance of 
the mineral substances needed as food by 
plants ;" but can any one say beforehand what 
is abundance of such bodies ? What per- 
centage of potash or phosphoric acid in a soil 
is sufficient for cotton, wheat, or any other 
crop, and what represents a deficiency ? The 
sound and philosophic course of investigation 
marked out years ago by liebig — ^in his so- 
called " mineral theory" — seems of late to have 
suiFered in the estimation of many, not on 
account of any inherent fallacy, but because 
chemists have shrunk from the labour of fairly 
following it out, by multiplied and exact analyses 
of soils, made, not with the view of hastily 
determining for so-called " practical" purposes 



it ; 
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• 

the good or bad quality of some particular soil, 
but with the object of finding out, in general, 
what — under given conditions of culture — ^is a 
good soil, and what a bad one. Bacon's ^^ expe- 
rbnenta lixcifera" have been here too much nesr- 
lected for supposed " experimenta fiructifera. 
Liebig himself has recently attempted* to esti- 
mate the minimum amount, of mineral food in 
the soil, which would suffice for the growth of 
a particular plant, such as wheat; basing his 
calculation, however, on the assumption that 
plants do not receive mineral food in the form 
of solution pre-existent in the soil, but only by 
direct contact with their roots. Admitting 
this, it is of course sufficient to know, the total 
surface presented by the roots of a plant, and 
the sum of the mineral substances which the 
healthy plant contains. But the assumption 
must at least be called, a very doubtful one, aa 
has been noticed above in connexion with the 
subject of saline absorption ; this phenomenon 
and that of capillarity, complicate excessively 
any estimate- of the above character. The ex* 
tent to which the roots of a plant penetrate the 

* Letters OBr Modem Agricoltare, p. 110. 
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earth in all directions musty ho wever, of course, , 
have a direct bearing upon the proportion of! 
mineral fisodin the soil essential toit^ and in this 
rei^ect the cotton-plant is favouxed by Nature-; : 
its roots are long^ especially the principal or 
tap-root. . The results of a number of measure- * 
ments, of cotton-plants which hajA . attained' . 
their full growth, upon . the spot whence the 
cane-brake soil was taken, for examination^ . 
showed, that the averagedepth of theroot from 
the surface of the ground was about 2 feet 
1 inch, and the: average lateral spread of roots' 
(diameter of circle occupied) was about 2 feet! 
9 inches; hence we may conclude that a mass 
of about .5 cubic feet of soil,^ was more or: less in- 
timately penetrated. * The planta bdng placed 
at 18 inches apart,, upon rows 4 feet apart, each 
root going down 2. feet was allowed 12 cubic 
leev* 

Setuming to the coiusideratioa of the results: 
of analysis, and taking as the best standard f<X'. 
comparison that of the Indian soilf of Dr. 

* More detailed measurements will be giren m comiezion with 
the fatuxe part of the worLupon the chemicid ezamiimtion of the 
plant itself. 

f Eefendng, apparently^ to the air-dried condition. 
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Forbes Watson, it appears that phosphoric cudd 
is present in larger quantity in the Alabama 
cotton soil than in any of the Indian specimens ; 
the largest amount in any of the latter, being 
0.166 p. c. for " good cotton soil of great extent, 
not manured," from between Panagurl and 
Jubbulpore, while the cane-brake surface soil 
contains altogether 0.1863, and the subsoil 
0.2376 p. c. — the numbers here, as elsewhere, 
referring to the air-dried soil. 

Lime is foimd in the Indian soils, to an ex- 
tent varying from a mere trace up to 7.5, and in 
one instance 36 p. c. : the good cotton soils of 
Southern India appear to contain from 2 to 6 
p. c. The total amount in the cane-brake soil 
from the surface is 3.3932, and in the subsoil 
0.8391. Expecting to have found a larger pro- 
portion of lime in these soils, which directly 
overlie the soft "prairie limestone," I deter- 
mined the amount, in two or three specimens 
taken from other parts, of the same plantation. 
The true "black soil" from the surface, gave 
uniformly about 3 p. c, but specimens taken 
from spots where the " bored rock" was found — 
small pebbles of it occurring in the portions 
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analysed, yielded 8 p. c. ; and a specimen con- 
taining numbers of little recent shells, gave as 
much as 15 p. c. of lime ; these cases of un- 
usual and merely local admixture of carbonate 
of lime, do not alter the general fact, that prairie 
soil, though overlying a very soft calcareous 
rock, is not itself composed to any large extent 
of carbonate of lime. 

Magnesia constitutes about 0.200 to 2.000 
p. c. of the Indian soils ; in that from Alabama 
it forms 0.6608 p. c. of the surface, and 0.7462 
p. c. of the subsoil. 

The Indian specimens yielded potash in 
amount varying from 0.193 p. c. in the case of 
"fertile soil" from Lucknow — this being the 
specimen with extraordinary per-centage (36) 
of lima — to 2.240 p. c. in a soil from Mooltan 
—on an average, perhaps, from 0.500 to 1.500 
p. c. The Alabama surface soil contains alto- 
gether but 0.3133, and the subsoil 0.3677 p. c. 

Of soda^ we find among Dr. Watson's re- 

* The experiments of Dr. Jackson [loc. eit,) showed that Sea 
Island, like Upland, cotton contains more potash than soda ; the 
contrary had been supposed by some persons to be the case, it 
being imagined that a soil or atmosphere in the neighbourhood of 

M 
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suits, 0.043 p. c. in an '' indifferent tea soil from, 
close to the shore'' of Assam, to 1.719 p. c. in 
the '^ good cotton soil," in which the maximum 
amount of phosphoric acid occurred, or an 
average about 0.500 to 1.000 . p. c The Ala- 
bama soil and subsoil yield respectively 0.253^ 
and 0.2510 p. a 

It is remarkable that so much of the potash 
and soda should have remained imdissolved by 
hydrochloric acid, and appear only in the sul- 
phuric acid solution. 

The proportion of organic moMer ia the In- 
dian soils is not separately stated, but is uaited 
with the water retained at 100 deg. C. This, 
of course, varies to a very large extent. The 
dark colour of the Alabama cane-brake soila, 
would lead to the expectation of flading a 
larger amount than is, in fact, present, though 

the sea, yielding an excess of soda to the plant, might caose 
the superior quality of the Sea Island staple. 

NotwithstandiBg the fallacy t)f this supposition, it would seem 
that carefully conducted experiments with common salt or nitrate 
of soda as a manure for cotton would be well worth trying, in 
view of the recently published ideas of Liebig, as to what may 
be called the digestive rather than directly nutritive effect of 
chloride of sodium and other salts of soda and ammonia. 

Fide Letters on Modem Agriculture, p. 60. 
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in the so-called " black cotton soil" of Southern 
India, Dr. Watson finds the organic matter and 
water lost above 212 deg. amount together to 
but 0.460 p. c. A large part of the organic 
matter in the Alabama soil is in the condition 
of soluble humus — this was to be expected — 
as cotton leaves or stalks fall upon the soil, they 
are ploughed in, and rapidly decay. As re- 
gards the nitrogen of the soil, the determination 
of ammonia is inaccurate, as was noticed in de- 
scribing the method used — ^the ammonia as 
found being less than it should be, the nitrogen 
referred to residual organic matter, is in excess 
of the truth. The greater proportion of nitric 
acid than of ammonia in the sur&ce soil if the 
determination of the latter could be relied on, 
would agree with the results of Brustlein's ex- 
periments.* The quantities of carbon and 
nitrog^ in both specimens examined, are to 
each other as 12 : 1 nearly. 

The great power of absorbing and retaining 
waier^ is strikingly |shown by the results of 

* Annales de Chimie et de Physique, t. ii. ch. vi. p. 166, 
quoted in Hoffmann's Jahresbericht ttber die Fortschritte der 
Agricultur-Chemie, 1859-60, s. TiiL 

m2 
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analysis. The Indian soils of Dr. Watson, if 
air-dried in Lrondon, probably retained a good 
deal more moisture, than they would have done 
for the same temperature in the atmosphere of 
Middle Alabama; yet none of them are said to 
have lost more than 6| p. c. of water at 212 
'degs., except four specimens of the "black 
cotton soil," which yielded 10, 12, 16, and 17 
p. c. The Alabama soil yields nearly 8^, and 
the subsoil nearly 10 p. c. On being heated to 
higher temperatures, the Indian soils lost, how- 
^ever, at the most 0.460 p. c. (organic matter 
included), while the Alabama soil gave up 6^ 
p. c. of additional water, and the subsoil nearly 
5| p. c. The resemblance between the " black 
cotton soils" of America and India as regards 
the large total amount of moisture contained, 
and diflference between them as to the tempe- 
rature at which it is given up, are worthy of 
notice. 

Comparing the cane-brake soil and its sub- 
soil together, the two appear to have very 
nearly the same general composition. The 
subsoil contains, of course, less organic matter, 
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and this consists principally of unchanged root- 
fibres ; it contains less nitrogen in the form of 
nitric acid, as would be expected from its less ex- 
posure to atmospheric influence ; it contains less 
of soluble silica, sulphuric acid, and chlorine, 
but more alumina, phosphoric acid, and pot- 
asL It is chiefly remarkable as containing less 
than a fourth of the amount of lime present in 
the soil of the surface, although nearer to the 
"prairie limestone" beneath. 

As bearing upon the supply of lime to the 
cane-brake soils, I add the results of analysis of 
this " prairie limestone," cretaceous in age, 
which underlies the whole region; and also, 
of the "bored rock," which has been noticed 
in a former part of the paper as found in sonxe 
places loosely strewn over the ground. 

A. — "Prairie" or "Rotten" limestone. A 
soft, earthy mass — having when dry, about the 
tenacity of dense chalk — easily broken, ex- 
hibiting an imperfectly conchoidal shaly frac- 
ture — of pale yellowish white colour when 
dry, becoming dark yellowish grey when wet. 
Sp. gr. in mass=2.213 — in powder= 2.529. 
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suits, 0.043 p. c. in an ^' indifferent tea soil fiom 
close to the shore" of Assam, to 1.719 p. c. m 
the ^^ good cotton soil," in which the maximum 
anwunt of phosphoric acid occurred, or an 
average about 0.500 to 1.000 p. c The Ala- 
bama soil and subsoil yield respectively 0.253i( 
and 0.2510 p. a 

It is remarkable that so much of the potash 
and soda should have remained imdissolved by 
hydrochloric acid, and appear only in the sul- 
phuric acid solution. 

The proportion of organic matter ia the In- 
dian soils is not separately stated, but is maited 
with the water retained at 100 d^. C. This, 
of course, varies to a very large extent. The 
dark colonr of the Alabama cane-brake soiis^ 
would lead to the expectation of finding a 
larger amount than is, in fact, present, though 

the sea, yieldmg an excess of soda to the plant, might caose 
the superior quality of the Sea Island staple. 

NotwithstandiBg the fallacy t)f this supposition, it would seem 
that carefully conducted experiments with common salt or nitrate 
of soda as a manure for cotton would be well worth trying, in 
view of the recently published ideas of Liebig, as to what may 
be called the digestive rather than durectly nutritive effect of 
chloride of sodium and other salts of soda and ammonia. 

Fide Letters on Modem Agriculture, p. 60. 
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in the so^alled ^' black cotton soil" of Southern 
India, Dr. Watson finds the organic matter and 
water lost above 212 deg. amount together to 
but 0.460 p. c. A large part of the organic 
matter in the Alabama soil is in the condition 
of soluble humus — this was to be expected — 
as cotton leaves or stalks fall upon the soil, they 
are ploughed in, and rapidly decay. As re- 
gards the nitrogen of the soil, the determination 
of ammonia is inaccurate, as was noticed in de- 
scribing the method used — the ammonia as 
found being less than it should be, the nitrogen 
referred to residual organic matter, is in excess 
of the truth. The greater proportion of nitric 
acid than of ammonia in the surface soil if the 
determination of the latter could be relied on, 
would agree with the results of Brustlein's ex- 
periments.* The quantities of carbon and 
nitrogen, in both specimens examined, are to 
each other as 12 : 1 nearly. 

The great power of absorbing and retaining 
waier^ is strikingly |shown by the results of 

* Annales de Chimie et de Physique, t. ii. ch. vi. p. 166, 
quoted in Hoffmann's Jahresbericht iiber die Fortschritte der 
Agricultur-Chemie, 1859-60, s. Tiii. 
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and this consists principally of unchanged root- 
fibres ; it contains less nitrogen in the form of 
nitric acid, as would be expected from its less ex- 
posure to atmospheric influence ; it contains less 
of soluble silica, sulphuric acid, and chlorine, 
but more alumina, phosphoric acid, and pot- 
ash. It is chiefly remarkable as containing less 
than a fourth of the amount of lime present in 
the soil of the surface, although nearer to the 
"prairie limestone" beneath. 

As bearing upon the supply of lime to the 
cane-brake soils, I add the results of analysis of 
this " prairie limestone,*' cretaceous in age, 
which underlies the whole region; and also, 
of the "bored rock," which has been noticed 
in a former part of the paper as found in some 
places loosely strewn over the ground. 

A. — "Prairie" or "Rotten" limestone. A 
soft, earthy mass — having when dry, about the 
tenacity of dense chalk — easily broken, ex- 
hibiting an imperfectly conchoidal shaly frac- 
ture — of pale yellowish white colour when 
dry, becoming dark yellowish grey when wet. 
Sp. gr. in mass=2.213 — in powder= 2.529. 
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cimens of soil, were taken ; the first was from 
Cahawba, about thirty miles farther east; and 
the third from Jones' Bluff, on the Tombigbee 
river, nearly as far to the west ; hence, it would 
seem that the deposit becomes more calcareous 
in passing from east to west. 

B. — " Bored rock." A tolerably dense and 
compact limestone, of light greyish yellow, or 
cream colour, in irregularly rounded masses, 
pierced with holes and cavities, of an inch or 
more in diameter, and breaking with uneven 
fracture. Sp. gr. in mass =2. 655. 

Analysis— 

Gaibonate of lime 95.25 

Carbonate of magnesia .... 1.12 

Alnmina 4Q 

Sesqoi-oxide of iron .... J64 

Alkalies i 

Phosphoric add } F««ttra«8 

Insoluble in dilate acid (silicic \ 

acid, with a little alumina > 1.94: 
and sesquioxide of iron) . . J 

99.48 
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CHAPTER LX. 

GENEBAL DEDUCTIONS FBOM THE EXAMINATION OP ALABAMA 

COTTON SOIL. 

In order to draw any useful conclusions 
from experiments, such as the above, upon a 
soil, the plant cultivated must be noticed, as 
well as some of the modes in which it is af- 
fected by climate. 

A few remarks upon the cotton plant and 
its peculiarities with respect to climate must, 
therefore, be made here in anticipation of a 
future part of these researches. 

The annual cotton, as cultivated in America, 
is a plant which attains its principal growth, 
in about four months, although it continues 
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to develop seed and fibre, for a much longer 
period. 

The extent to which its roots penetrate the 
soil has been noticed above, and from this some 
imperfect idea may be formed, of the power 
which it possesses of drawing upon the earth 
for nourishment, although no measure is thereby 
obtained, I think, of the capacity of the earth 
to yield nourishment,* as is shown by the ex- 
periments upon capillarity and saline absorp- 
tion. Nor, indeed, do we even obtain any 
certain knowledge of the power with which 
the plant takes up its food from the soil ; unless 
by microscopic examination, and by experi- 
ments such as those of Hales, some estimate be 
formed of the combined eflfects of capillary and 
osmotic action in drawing up liquids of various 
composition. 

The special mineral food required by the 
cotton plant, and the amount of this food, re- 
main to be examined by analysis of the ash, 
which will form another part of the investiga- 

* Ou the assumption of Liebig — that mineral food is taken up 
only by direct contact with the roots — ^the surface exposed by 
the latter does become a measure, of the capacity of any particular 
soil to yield such nourishment. 
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tion. Some statements with regard to the 
nature of the mineral constituents have been 
made, drawn from the results of Dr. Jackson's 
analysis, and all these substances needed by the 
plant, have been seen to exist in the soil. Aa to 
the extent b> which they are withdrawn from the 
SOU by cuhivatian, it may be remarked gene- 
rally, that cotton is by no means an exhausting 
crop, under proper managMaent 

The great mass of the plant — ^root, stem^ 
branches, leaves, and emptied bolls — remains 
upon the field, and is ploughed into the soil, 
which is enriched by the rapid decay of the 
organic matter. Nothing is removed except 
the fibre and seed ; and a large proportian, if 
not the whole of the latter, is by judicious 
planters* returned to the land — cotton-seed is, 
in fact, almost the only material used as manure 
in the cotton region of America; a large amount 
is added to the soil by the ordinary mode 
of sowing, the seed beii^ thiddy strewn by 

* The practice of selling cotton seed from the plantation is 
one to be strongly deprecated. It ia> hfiginning to be common in 
some districts, owing to the mcreasioBg masnisctixre of cottoa- 
seed oil, and exporiaidon of the ooitoiirseed eake to Eorc^ Ji3 
food for cattle. 
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handfuls, in a continuous row, upon' irbich, after 
thinning, but a few plants are allowed to re- 
main. The cotton fibre^ whixA constitutes the 
true saleable product, and is absolutely carried 
off from the land, must be looked upon as a very 
light crop ; a bale of 400 or 500 lbs. to the acre, 
is sometimes obtained, under &vourable cir- 
cumstances ; but this is much above the average 
for upland cotton. The fibre yielcfe 1 or \\ 
per cent, of ash, so that at the most 7^ lbs. of 
mineral matter per acre mil be remxy»ed from the 
soil annually. 

According to Johnston (Lectures on Agri- 
cultural Chemistry, p. 216), a crop of wheat of 
25 bushels to the acre, removes from the soil, 
in the grain alone, about 17.63 lbs. of imneral 
matter ; a crop of barley oi 38 bushels carries 
off, in the grain, 46.98 lbs.; a crop of oats of 
60 bushels, in the grain, 58.05 Ibe. According 
to Liebig (Letters on Modem Agriculture^ p. 
41), an average crop of potatoes removes from 
each acre about 163 lbs. of mineral matter; and 
one of beet (leaves included) about 458 lbs. 

With respect to clinmte. Cotton needs a 
high summer temperature, although not pro- 
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perly a tropical plant ; it produces fibre in di- 
minished quantity, though of improved quality, 
when removed fi'om a southern locality to one 
farther north; it never seems to be directly 
injured by the most intense mid-day heat; when 
other crops, including even Indian corn, are 
drooping under a blazing sun, the large suc- 
culent-looking leaves of a cotton-field, will but 
seem to enjoy the congenial temperature. As 
is .said by the -writer of a pamphlet published 
by the Cotton Supply Association — '• cotton is 
decidedly a sun plants 

The proper supply of moisture, is a point of 
at least equal importance with temperature, 
and here appears undoubtedly to lie the main 
difficulty, hitherto experienced, in attempts to 
extend the culture of cotton into new regions. 
Published statements differ greatly as to the 
effect of moisture or dryness upon the plant, 
some writers affirming that a wet season is ruin- 
ous to cotton, and that drainage is of the first 
importance; while others — especially many of 
those treating of cultivation in India — insist 
that irrigation is more necessary than anything 
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else. Dr. Royle* well says: "Such terms as 
moisture and dryness are so entirely compa- 
rative, that in one country we hear the cotton 
plant described as one requiring moisture, and 
in another we find it stated that no plant re- 
quires so little. The fact being, that the plant 
can bear both great heat and considerable want 
of water, provided it is growing in a not over- 
dry atmosphere^ 

The last sentence states an important part of 
the truth, but, I think, not the whole; it draws 
a distinction between two forms in which mois- 
ture may be supplied to the growing plant, 
whereas it would seem that four should be se- 
parately noticed: 

1. The atmosphere may contain a greater 
or less amount of water in the state of vapour, 
up to the so-called point of saturation. 

2. The atmosphere may be super-saturated, 
or, in other words, precipitation of liquid water, 
as rain,*&c., may take place from it. 

3. The soil may contain a greater or less 

* Dr. J. Forbes Royle : On the Culture and Commerce of 
Cotton in India dud elsewhere, p. 223. 
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amoiimt of water^ intimately united with it, 
wlielJber by adhesion or in chemical combina- 
tion; such water as is rapidly absorbed from the 
air by artificially dried soil, and can afterwards 
be expelled only by the application of a high 
tempecature. This water does not render the 
soil moist to the touch. It can accumulate in a 
particular soil to a certain extent only^ and this 
limit may be called the point of saturation of 
the soil. 

4. The soil may be super-saturated ; that is 
to say, liquid water, evident to the senses as 
such, may mix with the earth, and render 
it in the common sense of the term, moist or 
wet. 

Now, it wcmld seem that the larger the rela- 
tive amount of water, in the first and third of 
these forms, taken up by the cotton plant, and 
the smalla: the quantity received in the second 
aod fourti forms (at least during the greater 
part of its period of growth), the raore'favour- 
able will be the result. 

In water-soaked soil — i. e. soil holding water 
in the fourth condition mentioned — cotton will 
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not thrive. The following statements* are borne 
out by the general expmence of plaoiters : ^' The 
tap-root of the cotton plant will not strike down 
iato wet soiL" ^' On wet land the ootton plant 
grows small, looks sickly, or scaldi ia the hot 
sun, it bears but little raw ootton, and takes 
twice the labour to cultivate it, as the grass 
usually ^ows the foster aroxind the plants, and 
is much more difficialt to kill ouL"' JSu^h soil 
wiU obviondy be bea»efited by draining, f 

In the early stages of growlii the plant re- 
ceives a moderate supply of xaia — L e. water 
in the second <x>s3:didoai named — with advan- 
tage ; but even then, heavy rains are very injvr 
rious^ and later in Ike season they are absolutely 
destructive ; the bolls do not opeii, but fall ofl^ 
or rot upon the branches^ a surface growth 
of grass and weeds, acammulates so rapidly 
as to choke the crop, the " boU-worm" aod 

* From the pamphlet. On the Cultivation of Orleans Staple 
Cotton, pubHshed by the Mandiesteor Cofttoai Supply Association, 

p. 14!. 

f On the other hand, the state of things demanding artificial 
iirigatbm — very necessary, probably, in Bome pants of India — 
would seem to be simply the absence of water in any one of the 
three other conditions noticed. 
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other destructive insects make their appearance, 
and the cotton from such bolls as are already 
open, hangs out in trailing locks, draggled, 
dirty, and matted together. Dry years are em- 
phatically those of the largest and best crops. 

Yet, like all other plants, cotton must be sup- 
plied with moisture ; this even seems to be de- 
manded in considerable quantity, judging from 
the extensive leaf-surface, from which evapora- 
tion is carried on. Aqueous vapour in the 
air J as suggested by Dr. Eoyle, and abundant 
hygroscopic moisture in the soil itself ^ as I 
would add, seem to be decidedly the sources 
from which this requirement is to be met. 

The great advantage derivable, from a soil 
of high capacity for absorbing and retaining 
moisture, is that it will enable the plant, 
to withstand vicissitudes of weather and 
season; in damp weather hygroscopic water 
will be condensed, to be stored up in the re- 
tentive soil, until required in the times of 
drought, in August or September, when seed 
and fibre, are to be formed, and when, therefore, 
diminished leaf-activity is desirable, the roots 
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will gradually draw up a supply of this water, 
limited no doubt,* but sufficient to maintain 
healthy life. 

These remarks apply also to the absorp- 
tion of gases, and of mineral matter with- 
drawn from solution, as has been noticed 
in a previous part of the work. The power 
of steadily accumulating and gradually dis- 
pensing, seems to be one of the well-marked 
and beautiful provisions, of the " economy of 
Nature^ 

The soil of the prairie region of Central 
Alabama, fulfils the above conditions admi- 
rably, and to this fact, should I believe in large 
measure be attributed the success with which 
cotJon is cultivated upon it. 

To sum up the results of the examination 
of this fertile cotton soil, it is shown to be 
a stiff aluminous clay, containing moderate 

* The porous, ctialky substance referred to as '* rotten lime- 
stone," which underlies the soil of the cane-brake, has itself very 
similar capillary and absorptive power — it is penetrated by sandy 
strata, through whiclt water can readily flow, and hence it is not 
at all inconceivable, that suppUes of moisture, may be drawn up 
even through this from the depth of 20 to 30 feet, at which the 
first sandy bed is often found. 

N 
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amounts of organic matter, and of the mineral 
substances needed by the plant as food — of 
great uniformity, and in an exceedingly fine 
state of division ; above all, possessing a very 
high capacity for absorbing and retaining heat, 
moisture, gases, and soluble mineral matter. 
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CHAPTER X. 

MECHANICAL TKBATMENT OF COTTOlf SOIL, AS PSACTISED IN 

ALABAMA. 

In order to complete the subject of Alabama 
cotton soil, it seems desirable, that to the pre- 
ceding results should be added, a brief state- 
ment of the way in which this soil is usually 
cultivated, which may easily be done in a few 
paragraphs. 

As early in the winter, as the weather is 
favourable, and the condition of the ground 
suitable, i. e. when not too wet,* the prepara- 
tion for the crop commences by " bedding the 

* The peculiar condition of tlie " cane-brake" soil (to which 
the above remarks apply), intermediate between a dry and a 
thoroughly wet state, in which alone, ploughing can well be 
carried on, has been noticed in an earlier part of the work. 
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land." This is done by running a narrow 
plough, called a " bull-tongue," at regular in- 
tervals, across the field, the common distance 
between the rows, being four feet. In very rich 
alluvial land, the distance is sometimes five or 
even six feet, and in the poor land not more 
than three feet. Upon the furrow thus pro- 
duced, the ridge or " bed" is made, by plough- 
ing towards it, on either side, with a turning 
plough, called a "Carey" plough, drawn by 
two mules or horses, until the space between 
the rows has been ploughed out. The whole 
field is in this way thrown into ridges, which 
should run horizontally, round any elevated 
portions of the plantation, so that heavy rains 
may not wash away the soil. 

When the time for planting arrives — viz. 
about the beginning of April — a furrow is run 
along the top of each ridge, by a narrow 
plough, and in this furrow the cotton seed is 
pretty thickly strewn, by hand, as the labourer 
goes along the row. 

The seed is then covered with earth, by a 
heavy wooden block,* which a mule or horse 

* Roller. 
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draws along, so as not only to cover up the 
seed, but to press the earth firmly upon it. 

If the weather be favourable for the germi- 
nation of the seed, it comes up in ten days or a 
fortnight, and soon afterwards the cultivation 
commences, by thinning out the cotton with 
hoes, so as to leave but a few stalks, together, 
at intervals of eight or ten inches, removing also 
any grass or weeds which may have grown 
with the cotton. The space between the rows, 
is at the same time ploughed, to make the earth 
light and mellow, and to destroy grass and 
weeds. Great skill is shown by trained ne- 
groes, in the use of the plough and hoe ; the 
former is often run within two inches of the 
cotton, and the latter used, to cut out a weed, 
at a blow, within an inch or even half an inch 
of a plant, without in either case injuring the 
cotton plant itself. The process of cleansing the 
crop from weeds with plough and hoe is con- 
tinued at intervals of three weeks, and at 
each time of thus going over the field the 
cotton is thinned out, until it is brought to a 
" stand" — ^that is, reduced to single stalks 1 2 
or 18 inches apart upon the rows. Early in 
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July the plant has usually acquired suflScient 
size to shade the ground and prevent the 
further growth of grass, and the crop is then 
" laid by." It is of the first importance, that 
the land should have been kept perfectly clear 
of weeds, up to this time ; and in a hot climate, 
the task is often a difficult one. 

Simultaneously with the cultivation of cotton, 
the production of Indian corn, sweet potatoes, 
&c., is carried on, in order to furnish food for 
the negroes of the plantation, for the mules, or 
other draught animals, and for a sufficient num- 
ber of hogs, to yield flesh meat, for the la- 
bourers. 

In Middle Alabama, the cotton plant usually 
commences flowering, early in June, and con- 
tinues to bloom until frost kills it. The bolls con- 
tinue, therefore, to form during several months. 
The earliest bolls open, from the 10th to the 
15 th of August, in ordinary years, when the 
'* picking" season commences. This lasts until 
the cotton is all gathered — until January or 
even February, if a full crop be made. The 
bolls continue gradually to open, long after frost 
has prevented the formation of any more. In 



THE CULTURE OF COTTON. 183 

picking the cotton from the boll, surprising 
manual dexterity is shown, by negroes accus- 
tomed to the task from early youth. 

The seed cotton, as it is collected into large 
baskets by the pickers, is carried to the '^gin- 
house" of the plantation, and " ginned," and, 
when enough of the clean fibre has accumu- 
lated, a day or two is devoted by a part of the 
hands, to pressing it with the large wooden 
" screw" into bales, ready for shipment by river, 
to the seaport. 



THE END. 
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BEEVER (REV. W. HOLT) — NOTES ON FIELDS 

AND CATTLE, from the Diaiy of an Aauitear Fanner. With lUiistrations. 1 vol. 
post 8vo. Bs. 6d. 

BELLEW — LIFE IN CHRIST, AND CHRIST IN 

LIFE. A NEW VOLUME OF SERMONS. By the Rev. J. M. BELLEW. eTo.cloaL 12>. 

BENNETT (W. C.) — THE WORN WEDDING-RING, 

AND OTHER POEMS. By W. C. BENNETT. Post 8vo. doth. 3«. ed. 

QUEEN ELEANOR'S VENGE- 



ANCE, AND OTHER POEMS. By W. a BENNETT. Fcap. Svo. doth. St. «<1. 

SONGS BY A SONG-WRITER. 



FIZBt Hondred. By W. G. BENNETT. Post 8vd. doth. 3<. 6d. 



-BABY MAY, AND OTHER 



POEMS ON INFANTS Fcap. Mwed. U. 

BENNETT (C. H.) — PROVERBS WITH PICTURES. 

By CHARLES H. BENNETT. With aboat S50 IUii8tnitioD8» fc^>. boards. 7s. 6d. 

BLANC — HISTORICAL REVELATIONS. 

Imciibed to Lord Normanbr. By LOOIS BLANa Pott «vo. cloth. lOt. td. 

BOLTON (M. P. W^ — EXAMINATION OF THE 

SCOTO-OXON IAN PHILOSOPHY ; designed to expose liie Logical Errors of HamiUoo 
and Mansel. Part I. Svo. 5«. 

BONER — CHAMOIS HUNTING IN THE MOUN- 
TAINS OF BAVARIA. By CHARLES BONER. With mnstraUona by THEODORE 
HOBSCHELT. of Mnnicfa. New Edition. With Addition. Post 8vo. doth. IQt, 

BORDER LANDS OF SPAIN AND FRANCE (THE)i 

WITH AN ACCOUNT OF A VISIT TO THE REFUBUC OF AUDORRK. Post 8vo. 
doth. lOs. 6d. 
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BROWNING (E. B^— POEMS BEFOEE CONGRESS. 

97 ELIZABETH BABRETrBBOWNINO. Grown 8m dotli. 4<. 



POETICAL WORKS. 



By ELIZABETH BARRETT BROWNING. Fifth Editton. with Oomctioiia And Addl- 
ttoOB. Three yols. lbH>. doth. 18c. 



AURORA LEIGH ; A POEM. 



IN NINE BOOKa Bj ELIZABETH BARRETT BBOWNINO. Fifth Editton, with 
Pmrtnit of Mrs. Browning. One voL ttap. doth. Is. 

BROWNING (ROBERT)— POETICAL WORKS. 

By ROBERT BROWNING. A New Edition, with numerons AlteraUons and A 4^<tim>t , 
Two Yolt. leap. doth. 1<W. 



CHRISTMAS EVE AND 



EAOT£B DAT. A POEM. Bj BOBEBT BBOWNINO. Vctf. Sro. ctotb.: 6t. 

MEN AND WOMEN. 



BY BOBEBT BBOWNINO. In tvD tcU &^ 8T0. doth. lit. 

BURCHETT — LINEAR PERSPECTIVE. 

For the Use of Sdboola of Art By R. BURCHETT, Head Master of the Training Sdwola 
for Art Masters of the Sdence and Art Department Fifth Edition. Poet 8yo. doth, with 
Illiutrations. It. 

PRACTICAL GEOMETRY. 



THE COUBSE OF CONSTBUCTION OF PLANE OEOMETBICAL FIOVBIiS. Bf 
B. BCBCHETT. With 13? Diagiaina. Foorth Edition. Post 8to. doth. St. 

DEFINITIONS OF GEOMETRY. 



24mo. sewed. Sd. 



BUTT — THE mSTORT OF ITALY FROM THE 

ABDICATION OF NAPOLEON L With Introductory References to that of EarUer 
Times. Two vols. Svo. doth. 36f . 

C2ECILIA METELLA ; 

Or, ROME ENSLAVED. Post 8vo. doth. 10s. td, 

COLERIDGE — SEVEN LECTURES ON SHAKE- 

SPEARE AND MILTON. By the late S. T. COLERIDGE. A list of all the MS. Emen- 
dations in Mr. COLLIER'S Folio, 1632 ; and an Introdnctoiy Freface by J. PATNB 
COLLIER,!^. Demy 8vo. doth. 12s. 

COLLINS— A NEW SENTIMENTAL JOURNEY. 

By CHARLES ALUSTON OOLLIN& With Two lUustrations by the Author. Post 8to. 
boards. 3s. 
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MR. THOMAS OAKLHE'S WORKS. 



UNIFOEM EDITION. 

Handsomely printed In Crown Octavo, price Six Shillings per Volume. 



THE FBENCH REVOLUTION: A HISTORY. In 2 Volames. 12«. 

OLIVER CROMWELL'S LETTERS AND SPEECHES. With Elud« 
dations and Connecting Narrative. In 3 Volumes. 18;. 

LIFE OP JOHN STERLING. 1 ^ ^ 

laIPE OP SCHILLER. J °® *^ * *• 

CRITICAL AND MISCELLANEOUS ESSAYS. In 4 Volumes. 248. 

SARTOR RESARTUS. 1 ^ ,_ 

HERO WORSHIP. | ^^ Volume. 6.. 

LATTER.DAY PAMPHLETS. One Volume. 6s. 

CHARTISM. 1 ^ ,ri 

««.«». .^..-^ ....».-.«_ } One Volume. 6s, 

PAST AND PRESENT, J 

TRANSLATIONS OP GERMAN ROMANCE. One Volume. 68. 

WILHELM MEISTER. By Gotue. A Translation. In 2 Volumes. 125. 



CAELTLE— HISTOET OF FEIEDEICH the SECOND, 

called FBEDEUICE THE GREAT. By THOMAS CABLYLE. With Portraits and Maps. 
Third Edition. Vols. L and II., demy 8vo., cloth. 40*. Vols. III. and IV. in the Press. 



CONWAY (J.) — FOEATS AMONG SALMON AND 

DEER. In post 8vo. cloth, price 6«. 

COOPEE— THE PUEGATOEY OF SUICIDES. 

By THOMAS OOOPEB. A New Editton. Fcap. doth. 7>. «d. 

CEAIE— THE ENGLISH OF SHAKESPEAEE; 

Illustrated hi a Philological Commentary on his Tragedy of * Julius GsBsar.' ^y OEOBGE 
TiTTJJE CRAIK, Professor of History and of English Dterature in Queen's College^ 
Belfast Second Edition. Post 8vo., doth. 5«. 

OUTLINES OF THE HISTOEY OF THE 

ENGLISH LANGUAGE. For the Use of the Junior Glasses in Colleges, and the Higher 
Chisses in Schools. By GEORGE L. CRAIK. Fourth Edition, revised and improved. Post 
8yo., cloth. 2s. 6d* 

a3 
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MlMMl^i^M 



CHAPMAN AND HALL'S 

SELECT LBEAET OF HOTION. 

PRICE TWO SHILLINGS EACH NOVEL 



MART BARTON : a Tale of Manchester Life. 

RUTH. A Novel. By the Author of * Mary Barton.' 

CRANFORD. By the Author of ' Mary Barton/ 

LIZZIE LEIGH ; and other Tales. By the Author of ' Mary 

Barton.' 

THE HEAD OF THE FAMILY. A Novel. 

AGATHA'S HUSBAND. By the Author of * John Hali&x, 

Gentleman.' 

OLIVE. A Novel. By the Author of * The Head of the FamUy.' 
THE OGILVIES. A Novel. By the Author of * The Head of 

fhe Family.' 

ALTON LOCKE : Tailor and Poet. By the Rev. Charles 

KINGSLEY. With a new Preface, addressed to the WorkJng Men of Great Britain. 

THE FALCON FAMILY; or, Young Ireland. A Satirical Novel. 

By M. W. SAVAGE. 

THE BACHELOR OF THE ALBANY. By M. W. Savage. 
MY UNCLE THE CURATE. A NoveL By M. W. Savage. 
THE HALF SISTERS. A Tale. By Miss Jewsbury. 
THE WHITEBOY. A Story of Ireland in 1822. By Mrs. 

S. C. HALL. 

EUSTACE CONYERS. By James Haitnay. 

MARETIMO : A Story of Adventure. By Bayle St. John. 

MELINCOURT. By the Author of * Headlong Hall.' 

THE BLITHEDALE ROMANCE. By Nathaniel Hawthorne. 

*4,* Othar PopiUar Novels will be issued in this Series, 



Notices of the Press. 

* 'Hie Fictions pabUsbed by this Firm in their " Seiect Library " have all been of a high 
<aiar»cter.'— Pyew. 

* Who wotdd be satisfied ^fh the much-thumbed ** Lilmiy Book," when he oan proeore, in 
one handsome vohmie, a celebrated Work of Fiction now offered by Messrs. Chapman «ad Hall 
at the low price of Two Shillings ? '—Britannia. 

* Capital Novels, well worth the price asked for them/— Guardian. 
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CHAPMAN AND HALL'S 

STANDARD EDITIONS OF POPIJLAE 

AUTHORS. 



T. A TROLLOPE'S LA BEATA (Third Edition); and » 

TUSCAN BOMEO AND JXtLIET, now fint published. 6s. 

MISS ANNA DRURT'S MISREPRESENTATION. Second Edi- 

tion. 6«. 

TZLBURT NOGO. By the Author of « Digby Grand.' 5«. 
ANTHONY TROLLOPE'S CASTLE RICHMOND. A NoveL 

New Edition. 6<. 

ANTHONY TROLLOPE'S DOCTOR THORNE. A Novel Sisth 

Edition. St. 

ANTHONY TROLLOPE'S BERTRAMS. A Novel. Kfli 

Edition. 5«. 

ANTHONY TROLLOPE'S EELLYS AND THE O'KELLYS. 

Fonrth Edition. St. 

ANTHONY TROLLOPE'S MACDERMOTS OF BALLYCLORAN. 

Third Edition. St. 

W. M. THACEERATS IRISH SKETCH-BOOK. With XUhb* 

trations by the Author. Third Edition. Crown 8yo. St. 

ALBERT SMITH'S WILD OATS AND DEAD LEAVES. Seoond 

Edition. Crown dvo. St. 

MRS. GASKELL'S NORTH AND SOUTH. Fourth Edition. Bs. 
G. A. SALA'S GASLIGHT AND DAYLIGHT; with some 

London Scenes they Shine upon. Seoond Edition. St. 

W. H. WILLS' OLD LEAVES GATHERED FROM ' HOUSE^ 

HMiDWOBDS.' St. • 

ROBERT-HOUDIN'S MEMOIRS : Ambassador, Author, and 

Comuror. Written by HIMSELF. Third Edition. St. 

MISS MULOCK'S HEAD OF THE FABOLY. Sixth Edition. 58. 



NEW VOLUMES JUST READY. 



MARKET HARBOROUGH (Fourth Edition); and INSIDE 

THE BAB, now first published. By the Author of ' Digby Grand.' St. 

THE CONSTABLE OF THE TOWER (Second Edition). By 

WILLIAM HARRISON AINSWORTH. St. 

A 4 
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WORKS BY ME. CHARLES DICKENS. 



OBIGINAL SDinONS. 

GBEAT EXPECTATIONS. 3 vols, post 8to., 31s. 6d 

THE PICKWICK PAPEES. With Forty-three lUnstrations 

bj Ssncous and ' Pmz/ 8vo. ll. If. 

NICHOLAS NICKLEBY. With Forty Illustrations by 

•Pmz.' 8vo. iLi*. 

SKETCHES BY « BOZ.' A New Edition, with Forty Dins- 

trations by Gkobos Cbuikshaitk. Svo. 11. U. 

MAKTIN CHUZZLEWIT. With Forty Illustrations by ' Pmz.' 

8to. II. U. 

THE OLD CURIOSITY SHOP. With Seventy-five Illustra- 

tlooa hj Geobos Oattebmolb and H. K. Bbowhb. Imperial Svo. I3s, 

BAENABY EUDGE : A Tale of the Eiots of ^Eighty. With 

Seventy-eight niustrations by G. Oattesmolb and H. E. Bbowns. Imperial Svo. 13t. 

AMEEICAN NOTES, for General Circulation. Fourth Edition. 

2 vols., post Svo. It. 18. 

OLIVEE TWIST ; or, the Parish-Boy's Progress. Illustrated by 

Gbokob C&mESBASK. Third Edition. 3 vols., post Svo. 11. &«. 

OLIVEE TWIST. 1 vol. 8vo., cloth. Illustrated, lis. 
DOMBEY AND SON. With Forty Illustrations by *Phiz.' 

Svo., doth. 12. It. 

DAVID COPPEEFIELD. With Forty Illustrations by * Phiz.' 

Svo., cloth, ll. is. 

BLEAK HOUSE. With Foriy Illustrations by ' Phiz.' 8vo., 

doth. II. Is. 

LITTLE DOEEIT. With Forty Illustrations by ' Phiz.' Svo., 

doth. II. Is. 

HAED TIMES. SmaQ Svo., cloth. 6s. 

THE UNCOMMEECIAL TEAVELLEE. Third Edition. Post 

Svo., doth. 6s. 

A TALE OF TWO CITIES. With Sixteen Hlustrations by 

< Prtx ' Svo. 9S 

CHILD'S HISTOEY OF ENGLAND. 3 vols., square doth. 

10s.6d. 

CHEISTMAS CAEOL. With Illustrations. Fcap. 8vo., cloth. 6s* 
CEICKET ON THE HEAETH. With Illustrations: Fcap, 

Svo., doth. 6s. 

THE CHIMES. With Illustrations. Fcap. Svo., cloth. 6s. 
THE BATTLE OF LIFE. With Hlustrations. Fcap. 8vo.> 

doth. 6s. 

THE HAUNTED MAN AND THE GHOST'S BAEGAIN^ 

With niugtrations. ¥ca;p, Svo., ctoth. 6<. 



CHAPMAN AND HALL, 193, PICCADILLY. 18 



WOEKS BY MR. OHAELES DICKENS. 



THE rLLUSTRATED LXBRABY EDITION, 

BeantifTilly printed in Post Octavo, and careftilly revised by the Author. With the 
Original Illustrations. Now issuing in Monthly Volumes, price 7s. 6d, each* 

Already Published, 

PICKWICK PAPERS. 43 IHustrations . 2 vols. 155. 

NICHOLAS NICKLEBY. 39 ditto . 2 vols, 16s. 

MARTIN CHUZZLEWIT. 40 ditto . . 2 vols* 15s. 

OLD CURIOSITY SHOP. 36 ditto . 2 vols. 15s. 

BARNABY RUDGE. 36 ditto . 2 vols. 16«. 

SKETCHES BY BOZ. 39 ditto . 1 vol. 7s. 6d. 

OLIVER TWIST. 24 ditto . . 1 vol. 7s. ed. 

DOMBEY AND SON. 38 ditto . . 2 vols. 16s. 

To be follovoed by 

DAVID COPPERFIELD 2 vols. 

PICTURES FROM ITALY, and AMERICAN NOTES 1 vol. 

BLEAK HOUSE .2 vols. 

LITTLE DORRIT 2 vols. 

CHRISTMAS BOOKS 1 vol. 



CHEAP AND UNIFORM EDITION. 

Handsomely printed in Crown Octavo, cloth, with Frontispieces, 

THE PICKWICK PAPEBS 5 

NICHOLAS NICKLEBY 5 

MABTIN CHUZZLEWIT 5 

BAENABY BUDGE 4 

OLD CUBIOSITY SHOP 4 

OLIVEB TWIST 3 6 

SKETCHES BY BOZ 3 6 

CHRISTMAS BOOKS 3 6 

AMEEIOAN NOTES 2 6 

DOMBEY AND SON 5 

DAVID COPPEBFIELD 5 

BLEAK HOUSE 5 

LITTLE DOBEIT 5 

MB. DICKENS' BEADINGS. Fcap. Svo. 

A CHBISTMAS OABOL IN PEOSE 10 

THE CEICKET ON THE HEARTH 10 

THE CHIMES 10 

THE STOEY OP LITTLE DOMBEY 10 

THE POOR TBAVELLEB, BOOTS AT THE HOLLY-TREE 

INN, AND MRS. GAMP 10 
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DANTE'S DIVINE COMEDY, THE INFERNO. 

A literal Prose Traiislstlon, with the Text of the Orighud Ck>lUted with the begt Editions, 
and Explanatoij KoIm. By JOHN A. CJL&LYLfi, MJX Pott Svo., with a Portrait, 
doth. 14«. 

DANTE'S DIVINE COMEDY ; 

Or, THE INFERNO, PUBOATORY, AND PARADISE. Rendered into Emdish Metre, 



bv FREDERICK POLLOCK. With Fifty HlostnUons, drawn by GEORGE SCHARF. 
Jdv. Pbst Syo., doth. 14«. 

DAVIDSON — DRAWING FOR ELEMENTABY 

. SCHOOLS. By ELLIS A DAVIDSON. Head-Masto* of the Cheater Sdiool of Ait Rib- 
liahed under the sanction of the Sdence and Art Department of the Committea of OooBdl 
on Education. Poet 8vo., doth. 3«. 

DE PONTES— POETS AND POETEY OF GEEMANY. 

BIOGRAPHICAL AND CRITICAL NOTICES. By Madame L.DAy£SIE8DXP0NT£S. 
Two volumes, poet 8vo. doth. 18«. 

DIETRICH— RUSSIAN POPULAR TALES. 

Translated from the German version of ANTON DIETRICH. Wtthim IntrodklBCta by 
JACOB GRIMM. FostSvowdotk. H. 

DINNEES AND DINNEE PAETIES ; or, The Ab- 

snrditieff of Arttficial Life. With Additions, indnding a short Catechism of Osekery, 
t>anded on the prindples of Chemistry. 1 voL Second edition, fcap. 8va 3t. €d 

DIREY— GRAMMAIRE FRANgAISE. 

Flur L. DIREY. ISmo. doth. 3». 

LATIN GRAMMAR 



^yL. DIREY. 12mo. doth. 4s. 

— AND FOGGO'S ENGLISH GRAMMAR. 



12mo. dotlL 3i. 

DIXON— ROBERT BLAKE, ADMIRAL AND GENE- 

RAL AT SEA. Based on Family and State P&pers. By HEPWORTH DIXON, Author 
of ' Life of William Penn.' Cheap edition, post 8vo. beards. 2». Poet 8vo. tMb, with 
portrait. 2s. 6d. 

WILLIAM PENN. 



AN HISTORICAL BIOGRAPHY. By WILLIAM HEPWORTH DIXON, Author of 
* Life of HowanU' With a portrait. Second edition, fcap. 8vo. doth. It. 

DEAYSON — PEACnCAL MILITAEY SUEVEYING 

AND SKETCHING. By Captain DEAYSON, R.A. With iUuitntions. Ptet 8vo. 
doth. 48. 6d. 

DYCE'S ELEMENTARY OUTLINES OF ORNAMENT. 

Fifty selected plates. Folio, sewed 5«. 
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EDINBUKGH TALES. 

In one thick volnme, imperial 8vo. ftill gilt back. S$. %d, 

ELEMENTARY DRAWING BOOK. 

Directions for introdacing the First Steps of Elementary Drawing in Schools, and, among 
Workmen. With Lists of Materials, Objects, and Models. Prepared and published at the 
request of the Council of the Society of Arts. Small 4to. cloth. 4s. 6d. 

ESQUIEOS— THE ENGLISH AT HOME. 

By ALPHONSE ESQUIROS. Translated by LASCELLES WRAXALL. 2 vols, post 8vo. 
cloth. 18«. 

^THE DUTCH AT HOME. 

By ALPHONSE ESQUIBOS. TransUted by LASCELLES WBAXALL. 2 vols, post 
Svo. 18«. 

FAIRHOLT— COSTUME IN ENGLAND. 

A History of Dress, from the Earliest Period until the close of the Eighteenth Century ; 
with a Glossary of Terms for all Articles of Use or Ornament worn about the Person. 
By F. W. FAIRHOLT, FJ3.A. With nearly 700 Engravings, drawn on Wood by tbe 
Author. Second edition, crown 8vo. cloth. 16«. 

TOBACCO: ITS HISTORY AND ASSO- 



CLA.TIONS. Liduding an account of the Plant and its Manufacture, with its Mode of Uie 
in all Ages and Countries. By F. W. FAIRHOLT, FJS.A. With 100 Illustrations l^ the 
Author. Post 8vo. doth. 9s. 

THE HOME OF SHAKESPEAEE, 



ILLUSTRATED AND DESCRIBED. By F. W. FAIRHOLT. FJSJL. Author of 'Co*, 
tume in England,' &c With 33 Engravhigs. Small 8vo., sewed. 2s. 6eE. 

FINLAISON — NEW GOVERNMENT SUCCESSION- 

DUTY TABLES. For the Use of Successors to Property, their Solidtors and Agents, and 
others concerned in the Payment of the Duties Levied on all Successions, under Authority 
of the present Statute. 16 & 17 Victoria, cap. 61. By ALEXANDER GLEN FINLAISON. 
Post 8vo. cloth. 6«. 

FOSTER— HISTORY OF ENGLAND FOR SCHOOLS 

AND FAMILIES. By A. F. FOSTER. With numerous lUustrationfl. Poet 8vo. doth. 6s. 

FOWKE (CAPTAIN FEANCIS, E.E.) — SOME Ac- 
count OP THE BUILDINGS, &c, FOR THE INTERNATIONAL EXHIBITION 
OF 1862. Imp. 8vo. 1& 

FROM HAT-TIME TO HOPPING. 

By the Author of * Our Farm of Four Aores.' Second edition, small 8vo. doth. 5«. 

GARDEN THAT PAID THE RENT (THE). 

Fourth edition, post 8vo. boards. 2«. 

GASKELL.—CRANFORD— MARY BARTON— RUTH- 
LIZZIE LEioH. ByHBS.OASKElXi. Poet 8to. boanb. Fnoe2<.eacli. 
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GASKELL— NORTH AND SOUTH. 

Fourth and cheaper edition. Crown 8vo. doth. 6«. 

MOORLAND COTTAGE. 



IWith lUmintlaM hr BUCKET FOSTER. Fcap. 8va. cloth. U.ti. 

GEEMAN LOVE. 

FROM THE PAPERS OF AN ALIEN. TranaUted by SUSANNA WINKWORTH, 
With the sanction of the Author. Fcap. doth. U. 9d. 

GRATTAN (THOMAS COLLEY.) — BEATEN PATHS, 

AND THOSE WHO TBOD THEM. 3 vols, post 8to. 2U. 

HAND (THE) PHRENOLOGICALLY CONSIDERED. 

Being a Glimpse at the Relation of the Mind with the Organization of the Body. Poet 
8yo, with Four Plates, cloth. 4$. ed. 

HARVEY (MES.) — OUE CEUISE IN THE CLAY- 

MORE; WrrH A VISIT TO DAMASCUS AND THE LEBANON. By MRS. 
HARVET, of Idcwell-Bury. In post 8vo. cloth, with Illustrations. ^ Price 10«. 6d,^ 

HAWKINS — A COMPAEATIVE VIEW OF THE 

ANIMAL AND HUMAN FRAME. By B. WATERHOUSE HAWKINS, FiuS.. F.GJS., 
with Ten Illustrations from Nature by the Author. Folio, cloth. 12«. 

HAXTHAUSEN— THE EUSSIAN EMPIEE. 

ITS PEOPLE. INSTITUTIONS, AND RESOURCES. By Baron VON HAXTHAUSEN, 
Author of ' Transcaucasia,' &c Translated and issued under the immediate sanction of 
the Author, In 2 yols. Svo. doth. 28«. 

TRANSCAUCASIA. 

Sketches of the Nations and Races between the Black Sea and the Gaqpian. By Baron 
VON HAXTHAUSEN. With Eight Coloured Illustrations by GKAEB. 8to. doth. 18*. 

THE TRIBES OF THE CAUCASUS ; 

WITH AN ACOOUNT OF UCHAMYL AND THE MUBIDS. By BABON VON 
HAXTHAUSEN. Post 8to., doth. 6<. 

HEATON— THE THRESHOLD OF CHEMISTRY; 

An Experimental Introduction to the Sdence. By CHARLES HEATON. With numer^ 
ous Illustrations. Post 8vo., cloth, is. 

HEINRICH HEINE'S BOOK OF SONGS. 

A Translation. By JOHN E. WALLIS. Crown 8yo., cloth. 9«. 

HENSLOW— ILLUSTEATIONS TO BE EMPLOYED 

IN THE PRACTICAL LESSONS ON BOTANY. Adapted to aU ch&sses. Prepared for 
the South Kensington Museum. By the Rey. PROFESSOR HENSLOW. With Hlustnk 
tions. Post 8vo. ed 
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HOUSEHOLD WOEDS. 

Conducted by CHARLES DICKENS. 19 toIs., royal Svo., doth. M. 6<l. eacb. (AU the 
back Numbers and Parts may now be had.) 

HOUSEHOLD WORDS — CHRISTMAS STORIES 

FROM. Royal Sro^ cloth. 28. 6d. 

INDUSTRIAL AND SOCIAL POSITION OF WOMEN, 

IN THE MIDDLE AND LOMTEB EANK& Post 8vo^ cloUi. KM. Si. 

JEAPFRESON (JOHN CORDY) — OLIVE BLAKE'S 

OOOD WOBK. 3 vols, post 8to. 3K. td. 

JERVIS— THE RIFLE-MUSKET. 

A Practical Treatise on the Enfield-Prichett Rifle, recently adopted in the British Service, 
^y CAPTAIN JERYIS WHITE JERYIS. M.P.. Royal ArtiUery, Author of the ' Manual 
of Field Operationa.' Second and Cheaper Edition, with Additions. Post Syo., cloth. 2s, 

OUE ENGINES OF WAK, AND HOW WE 



GOT TO MAKE THEM. By CAPTAIN JERVIS WHITE JERVIS, M.P., Royal 
■ Artillery. With many Illustrations. Post 8vo., cloth. 6«. 

JEWSBURY— THE HALF-SISTERS. 

A NoTeL By GERALDINE £. JEWSBURY. Cheap Edition. Post 8vo., boards. 2s, 

JOHNSON— A WmTEE'S SKETCHES in the SOUTH 

OF FRANCE AND THE PYRENEES. With Remarks upon the Use of the Climate and 
Mineral Waters in the Cure of Disease. By FREDERICK H. JOHNSON, M.R.CJS. Eng., 
LJk..C., formerly President of the Hunterian Society of Edhiburgh. Crown Sto., cloth. 
8f.6d. 

KEIGHTLEY— THE LIFE, OPINIONS, AND WEIT- 

INGS OF JOHN MILTON. With an Introduction to 'Paradise LoeC By THOMAS 
KEIGHTLEY. Second Edition. Demy Svo., cloth. 10s, 6d, 

THE POEMS OF JOHN MILTON. 



WITH NOTES hy THOMAS KEIGHTLEY. 2 vols, 8to., dotb. 31«. 

KELLY— LIFE IN VICTORIA IN 1853 AND IN 1858. 

By THOMAS KELLY. 2 vols., post 8vo., cloih. 2l«. 

KOHL (J. G.)— POPULAK HISTORY OF THE DIS- 

COVERY OF AMERICA, FROM COLUMBUS TO FRANKLIN. Translated by 
MAJOR R. R. NOEL. 2 vols., post Svo. 16«. 

KOHL— KITGHI-GAMI : 

WANDERINGS ROUND LAKE SUPERIOR. By J. G. KOHL. With Woodcuts. 8vo, 
cloth. 13s, 

LEAVES FROM THE DIARY OF AN OFFICER OF 

THE GUARDS DURING THE PENINSULAR WAR. By LDEUT.-COL. STEPNEY 
GOWELL STEPNEY, K.H., late Coldstream Guards. Fcap., doth. S«, 
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MR. OHAELES LEVER'S WORXS. 

LIBEAEY EDITION. 

nr DEKT OCTAVO, ULUSTRAIED BT PHIZ. 



BAERINGTON. To be completed in Twelve Monthly Parts. 

Parts L and U., One Shilling each* now ready. 

ONE OF THEM. Demy 8vo., clotL With 80 IllustrationB. 
DAVENPORT DUNN ; A Man of Our Day. 1 Thick Vol., 

demy Sto., cloth. With 44 Illuatrations. 23s. 

THE MARTINS OF CRO' MARTIN. 2 Vols. With 40 lUus- 

tntl(xi8. 14^. 

HARRY LORREQUER. 1 Vol. With 22 Illustrations. 7«. 
CHARLES O'MALLEY, THE IRISH DRAGOON. 2 Vols. 

With 44 lUostrations. lit. 

JACK HINTON, THE GUARDSMAN. 1 Vol. With 26 

Illostrationa. It, 

TOM BURKE OF ' OURS.' 2 Vols. With 44 Illustrations. 
THE O'DONOGHUE: A Tale of Ireland Fifty Yeabs Ago. 

lYoL With 26 lllastraUoDS. U. 

THE KNIGHT OF G WYNNE. 2 Vols. With 40 Illustra- 

tlona. 14«. 

ROLAND CASHEL. 2 Vols. With 40 Illustrations. 14«. 
THE DALTONS; or, Three Roads in Life. 2 Vols. With 

44 Illustrations. lU. 

THE DODD FAMILY ABROAD. 2 Vols. With 40 Hlustrar 

tions. 14t. 

CHEAP AND UNIFORM EDITION, 

WrrH ILLUSTRATIONS BY H. K. BROWNE. 
This Edition ts liandsomely printed hi Crown Octavo. Each Volume contains 

EIGHT ENGBAVINGS BT H. K. BBOWITE. 

Bound in Cloth. Price 4s. 

JACK HINTON. 4«. 

TOM BURKE OF * OURS.' In 2 Vols. 8«. 

HARRY LORREQUER. 4«. 

CHARLES O'MALLEY, THE IRISH DRAGOON. In 2 

Vols. St. 

THE O'DONOGHUE. 4«. 

THE KNIGHT OF GWYNNE. In 2 Vols. 8«. 

ROLAND CASHEL. In 2 Vols. 8«. 

THE DALTONS. In 2 Vols. 8«. 

THE DODD FAMILY ABROAD. In 2 Vols. 8a. 
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LBNNAED— TALES FEOM MOLIEEE'S PLAYS. 

^7 PAGRE BAKBETT LENN AED. Post 8vo.. clotb. KX. Qd. 

LINTON— WITCH STOEIES. 

Collected by K LTNN LINTON, Author of * Azeth the Egyptian,' &c 1 voL post 8vo. 
I0s.6d, 

LOWKY'S ATLAS. 

With a Copious Index. 100 Coloored Maps. Laige 4to., haIf*boQnd. IQB, 

A New Series of Maps, in large 4to., price One Penny each Map plain, and Two Pence 
witii the Boundaries coloured, completed in 100 Maps, any of which can be purchased sepa- 
rately, plain Id., coloured 2d. 

LIST OF THE MAPa 

ShMt. Sb«8i. 

1, 2. World in Hemispheres— 2 Maps. 54, 55. 
3, 4. World on Mercator'a Projection— 2 
Mi^. 



5. Europe. 

6. British Isles. 

7. 8. England and Wales— 2 Maps. 
9. Scotland— GeneraL 

10. Ireland— General. 

11. France, In Provinces. 

12 to 15. France in Departments— <C Maps. 

16. Holland and Belgium. 

17. Spain and Portugal— General. 
18 to 21. Spain and Portugal— 4 Maps. 
22. Italy— General. 

23 to 26. Italy —4 Maps. 
27. Prussia and German States. 

28 to 31. Germany and Switzerland— 4 Maps. 
32. Austrian Empire. 

S3, 34. Hungary and TYansylvania — 2 
Maps. 

35. Turkey in Europe and Greece. 

36. Bosphorus and Dardanelles. 

37. Greece and the Ionian Islands. 

38. 39. Sweden and Norway — 2 Maps. 

40. Denmark. 

41. Bussia in Europe. • 

42. Asia, North. 

ASt^U^ Asia, South,, and Indian Seas— 2 

Maps. 
45. India—General. 

46 to 52. India^7 Maps. 
53. Persia and Tartary. 



Turkey In Asia and Western Persia 
— 2 Maps. 
59. Eastern Persia. 

57. 58. Syria and Arabia PetrsBa— 2 Maps. 
59, 60. China and Indian Seas— 2 Maps. 

61. Australia and New Zealand— G^ene- 

ralMap. 

62, 63. Austaralia^2 Maps. 

64 to 66. New South Wales— 3 Maps. 
\ 67. Victoria or Port PMUip Dfetrict. 

68. New Zealand. 

69, 70. Pol3rnesia — 2 Maps. 
71,72. Africa — 2 Maps. 

73 to 75. E^t, Nubia, At^ssinla, and Bed 

Sea— 3 Maps. 
76, 77. North Africa— comprising Morocco, 

Algiers, and Tunis— 2 Maps. 
78 to 80. West Africa— comprising Senegam- 

bia, Liberia, Soudan, and Guinea 

— 3 Maps. 
81, 82. Southern Afric^r— 2 Maps. 

83. British North America. 

84. Arctic Regions. 

85. 86. Canada, New Brunswick, and Noya 

Scotia— 2 Maps. 

87. Nortti America— GeneraL 

88. 89. United States— 2 Maps— GeneraL 
90 to 93. United State*— 4 Maps. 

94. Meidco. 

95. West Indies and Central America. 

96. South America— GeneraL 
97 to 100. South America— 4 Maps. 



LTTTON— MONEY. 

A Comedy, in Five Acts. By Sir EDWARD BULWER LYTTON. tvo. sewed. 2x. ed. 

NOT SO BAD AS WE SEEM ; 

OR, MANY SIDES TO A CHARACTER. A Comedy, la Five Acts. By Sir EDWABD 
BULWER LYTTON. 8vou sewed. 2$, ed, 

RICHELIEU ; OR, THE CONSPIRACY. 

A Play, in Five Acts. By Sir EDWARD BULWER LYTTON. 8vo. sewed. 2». 6<i. 



THE LADY OF LYONS ; 

OR, 1A)VE AND PRIDE. A Play, in Five Aets. By Sir EDWABD BULWER 
LYTTON. 8vo. sewed. 2f. 6d. 
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M'CULLAGH — INDUSTEIAL HISTORY OF FREE 

NATIONS. Odosidered in Relation to their Domestic Institutions and External Policy. 
By W. TORRENS M'CULLAGH. 2 yols. 8vo. cloth. 24«. 



—USE AND STUDY OF HISTORY. 



Being the Substaoce of a Couree of Lectures deUverad in Doblin. Bj W. TORBENS 
M'CULLAGH. Second ediUon, 8to. cloth. 10t.6d. 



MACKNIGHT— HISTOEY OF THE LIFE AND TIMES 

OF EDMUND BURKE. By THOMAS MACKNIGHT, Author of 'The Right Hon. B. 
Disraeli, M.P., a Literary and Political Biography ;' and ' Thirty Tears of Foreign Poliqr, 
a History of the Secretaryships of the Earl of Aberdeen and Visoonnt Pftlmerston.' 3 vols, 
demy 8vo. doth, price 50*. 



MACREADY— LEAVES FROM THE OLIVE MOUNT. 

Poems. By CATHERINE FRANCES B. MACREADT. Fcap. 8vo. cloth. 6s. 

MARIOTTI— ITALY IN 1848. 

ByL.MARIOTTL 8to. doth. 12t. 



MAEKET HARBOROUGH ; OR, HOW MR. SAWYER 

WENT TO THE SHIRES. Fourth Edition. And INSIDE THE BAR, zvm first 
published. By the Author of ' Digby Grand.' St. 



MAYHEW— PAVED WITH GOLD. 

OR. THE ROMANCE AND REAUTY OF THE LONDON STREET& An UnCsshionable 
Novel. By AUGUSTUS MATHEW (one of the Brothers Mayhew). With Twenty-six 
Hlustiations by Phis. Demy 8vo. doth. 14«. 



MELINCOURT ; 

OR, Srft ORAN HAUT-TON. By the Author of 'Headlong HaU,' &a Cheap Editioo. 
Post 8yo. boards. 2i. 

MEMOIRS OF ROBERT-HOUDIN, 

Ambassador, Author, and Conjuror. Written by Himself. Third and cfaei^er Edition, 
crown 8T0. doth. fis. 



MENZIES— EARLY ANCIENT HISTORY ; 

Or, The Ante-Greek Period as it appears to us since the most recent DlscoTeries in Egypt 
and Assyria. With References to Wilkinson, Layard, and other authorities. Intended for 
popular use. ^y HENRY MENZIES. lyoLpoet8yo. u.6(L 
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MEEEDITH (L. A.)— OVER THE STEAITS. 

By LOUISA ANNE MEREDITH. With IllastratloDs. Fbst 8vo. dotb. 9«. 



MEREDrrH (OWEN)— LUCILE. A POEM. 

By OWEN M£REDITH. Crown 8to. cloth. 12t. 



SERBSKI PESME ; 



OB, NATIONAL S0NO8 OF SERVIA. By OWEN MEREDITH. Fceif. cloth, it. 



THE WANDERER. 



A Poem. By the Author of * aytemnestra,' &c. Second edition, foolscap 8yo. cloth. 9«. 60. 



MEREDITH (GEORGE)— THE SHAVING OF SHAG- 

PAT. An Arabian Entertainment, ^y GEORGE IfEREOITH. Post 8to. cloth. 10«. M, 



THE ORDEAL OF RICHARD 

FEVEREL. By GEORGE MEREDITH. 3 vols, post Svo. cloth. 3U.6d. 

mCHIELS— SECKET HISTOEY OF THE AUSTRIAN 

GOVERNMENT, AND OF ITS SYSTEMATIC PERSECfUTIONS OF PROTESTANTS. 
Compiled from official documents. By ALFRED MICHIELS. Post 8vo. doth. 10<.6d 



MISCELLANEA GRAPHICA: 

Representations of Andent, Medieval, and Renaissance Remains, in the possession of Lord 
Londesborongh. Drawn, Engraved, and Described by FREDERICK W. FAIRHOLT, 
FjS A., Honoraiy Member of the Society of Antiquaries of Norman<!^, Picardy, and Poictlers. 
The Historical Introduction by THOMAS WRIGHT, M.A., F.S.A., ftc, Correspondhig 
Member of the Institute of France. In one volume, imperial 4to. doth, price 32. 16«., with 
Forty-six Plates, some of them printed in colour, and numerous Engravings on wood. 



MONEY — TWELVE MONTHS WITH THE BASHI- 

BAZOUKS. By EDWARD MONEY. With Coloured UlastraUans. Post 8vo. doth. 1i. 

MOEGAN— THE MIND OF SHAKSPEEE, AS EX- 

HIBITED IN HIS WORKS. By the Rev. A. A. MORGAN, MJL Second edition, 
foolscap 8vo. cloth. 6«. 

MOELEY— OBEEON'S HOEN ; 

TWO BOOKS OF FAIRY T^LES. By HENRY MORLEY. niustrated fay a*H. 
Bennett. New editi<m. Crown 8vo. cloth. 6«. 
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MOBLEY— FABLES AND FAIEY TALES. 

ByHENBTHOBLEY. WIOiIUr^IUutntienabjCbarlMBenaett. IViit ««o. dsUk St. 

MEMOIRS OF BAETHOLOMEW FAIR. 



By HENBT MORLEY. With Eigktj lUaBtnitioitt. Demy «v«. doth. tU. 



THE LIFE OF HENRY CORNELIUS 



AGRIPPA YON NETTESHEDf, Doctor and Knight, commooly koown as « llagklao. 
^ BENBY MOBLET. In 2 v^ds. port Svo. <doth. It*. 



JEROME CARDAN. 



ABIOaBAFST. ^y H£NBT MORLET. Two yolf. post 8yo doth. IBt. 



THE LIFE OF BERNARD PALISSY, OF 

SAINTES. His Labonn and Disooveries in Arts and Sdenoe. JE(y HENST JCOBIiET. 
Post 8yo. doth. Price 12t. Second and dieaper Edition. 



HOW TO MAKE HOME UNHEALTHY. 

^7 HENRY MORLEY. Reprinted from the ' Examiner.' Second edition, small 8vo. stUT 
wrapper. It. 



GOSSIP. . 



By HENRY MORLEY. Reprinted from the * Household Words.' Second and cheaper 
edition. Crown 8vo. doth. 5<. 



A DEFENCE OF IGNORANCE. 



^7 HENRY MORLEY. Small 8vo. doth. 3«. 

MULOCK— THE HEAD OF THE FAMILY. 

By Miss MULOCK. Sixth edition, crown 8vo. doth, 5«. Cheap edition, post 8vo. boards. 28 



OLIVE; A NOVEL. 



By Miss MULOCK. Cheap edition, post 8vo. boards. 28. 



-THE OGILTCES ; A NOVEL. 



By Miss MULOCK. Cheap edition, post 8vo. boards. 28. 



-AGATHA'S HUSBA4JD. 



By Miss MULOCK. Cheap edition, post 8vo. boards. 28, 
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MUSHET— BOOK OF SYMBOLS. 

A Series of Seventy-five Short Essays on Morals, Religion, and Philosophy. Eadi Essay 
Ulnstrating an Ancient Symbol or Modem Ptecept. fi|y BOBERT MUSHET. Second 
edition, post 8vo. cloth. 6«. 

NOETON— CHILD OF THE ISLANDS; A POEM. 

By the Hon. Mrs. NORTON. Second edition, sqoare 8vo. deth. 6«. 

NUTS AND NTJTCEACKEES. 

With upwards of 50 Blostntions by PHIZ. Third edition, fcap. boards. 2s. 

OUE FAEM OF FOUE ACEES, AND THE MONET 

WE MADE BY IT. Seventeenth edition, small post 8vo. boards. 28, 

EAMBLES AND EECOLLECTIONS OF A PLY- 

FISHER, ninstrated. With an Appendix, containing ample Listmctions to the Novice, 
indnsive of Fly-making, and a List of really nsefttl Flies. By G3LERICUS. With Bi^t 
ninstraUons. PostSvo. cloth. 7t. 

RBADma FOR TRAVELLERS. 

A NEW LIBRARY OF RAILWAY LITERATURE. Printed in a ch&ur legible 
Type, expressly adapted to the convenience of Railway Travellers. 

OLD KOADS AND NEW KOADS. Fcap. sewed. 1*. 

MAGIC AND WITCHCRAFT. Fcap. sewed. Is. 

FRANKLIN'S FOOTSTEPS. By C. R. Mabkham. Foap. sewed. Is. 6d. 

THE VILLAGE DOCTOR. Translated by Lady Duff Gordon. Fcap. 
sewed. 1«. 

MONTENEGRO AND THE SLAVONIANS OF TURKEY. By 

Count VALERIA!^ KRASINSKI. Fcap. sewed. Is. 6d 

CHARACTER AND ANECDOTES OF CHARLES IL By the 

late CHARLES BARKER, M.A. Fcap. sewed. IS. 

SAMUEL JOHNSON. By Thomas Carltlb. Fcap. Is. 
FLORIAN AND CRESCENZ. By Beb. Auerbach. Fcap. sewed. Is. 

THE HUNGARLA.N EMIGRATION INTO TURKEY. By a Honvbd. 

Fcap. sewed. Is. 

SIR PHILIP SIDNEY AND THE ARCADIA, By Jaibbs Cbossley. 

Fcap. sewed, is. 

A VISIT TO BELGRADE. Fcap. sewed. Is. 
BURNS. By Thomas Carlylb. Fcap. sewed. Is. 
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READING FOR TRAVELLERS— (m«mw«i. 

PICTURES PBOM THE EAST. By John Oappbb. Fcap. sewed. ls,6d. 

A VISIT TO THE SEAT OP WAR IN THE NORTH. Fcap. 
lewed. If. 

CARDINAL WOLSEY ; HIS RISE AND FALL, AS RELATED 

BY CAVENDISH. Fcap. sewed. U, 

ALFIERI ; HIS LIFE. ADVENTURES, AND WORKS. A Sketch 
by CHARLES MITCHELL CHARLES. Fcap. sewed. U. 

RECAMIER, MADAME, with a Sketch of the History of 

Society in France. By Madame M^^ 1 vol. poet 8vo. 9«. 

REDGRAVE— A MANUAL AND CATECHISM ON 

COLOUR. By RICHARD REDGRAVE. R.A. 24mo. doth. 9d. 

RIDGE— HEALTH AND DISEASE, THEIR LAWS; 

WITH PLAIN PRACTICAL PRESCRIPTIONS FOR THE PEOPLE, ^y BENJAMIN 
RIDGE, MO)., FJL.CJS. Second Edition. Post 8vo., cloth. I2s. 

OUESELVES, OUR FOOD, AND OUR 

tarsia. By Dr. BENJAMIN BIDOE. In Iteap. 8to. cloth, priM U. 

ROBERT MORNAY. 

By MAX FEBBER. Fast Svo., doth. M. 

RODENBERG— THE ISLAND OF THE SAINTS, A 

PILOBIHASE THBOnOH IBELAND. By JUUUS RODENBEBS. TnmUted by 
LASCEIiLES WBAZALL. Fost Svo., cloth. U. 

ROMAN CANDLES. 

IV>st 8V0., doth. Ss, 

ROSCOE— POEMS, TRAGEDIES, AND ESSAYS. 

By WILLIAM CALDWELL ROSCOE. Edited, with a Prefatory Memoir, by his 
brother-fai-law, RICHARD HOLT HUTTON. Two vols, crown Sto.. doth. 2l». 

ROYAL NURSERY ABC BOOK. 

With Fiye Hundred Woodcuts, and Eight Coloured Pages. Crown 8vo., sewed. If. 

SALA— GASLIGHT AND DAYLIGHT, WITH SOME 

LONDON SCENES THEY SHINE UPON. By GEORGE AUGUSTUS SALA. Crown 
8V0., cloth. Second Edition. 5«. 

ST. JOHN, BAYLE— THE SUBALPINE KINGDOM; 

Or. EXPERIENCES AND STUDIES IN SAVOY, PIEDMONT. AND GENOA. By 
BAYLE ST. JOHN. 2 vols. Post 8vo., cloth. 21«. 
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ST. JOHN, BAYLE— TWO YEAES' EESIDENCE IN 

A LEVANTINE FAMILY. By BAYLE ST. JOHN. Cheap EdiUon. Post 8vo. 
boarcb. 28, 



MAEETIMO ; 



A STORY OF ADVENTURE. By BAYLE ST. JOHN. Reprinted from • ChambeiB' 
JonmaL' Post 8vo., boards. 2t, 



- THE LOUVKE ; 



Or, BIOGRAPHY OF A MUSEUM. By BAYLE ST. JOHN. POet 8vo.. doth. 10». 6d. 



ST. JOHN, J. A.— THE EDUCATION or the PEOPLE; 

By JAMES AUGUSTUS ST. JOHN. Author of 'Isis/ 'Life of Louis Napoleon,' &c 
Post 8ya, doth. Ss. Bd. Dedicated to Sir John Pftkington, MP. 

ISIS; AN EGYPTIAJT PILGEIMAGE. 

By JAMES AUGUSTUS ST. JOHN. Second Editton. 2 vols., post 8yo., doth. 12f . 



THE NEMESIS OF POWEK: Causes 



and Forms of Revolution. By JAMES AUGUSTUS ST. JOHN. Fcap. doth. St. 



-PHILOSOPHY AT THE FOOT OP 



THE GROSS. By JAMES AUGUSTUS ST. JOHN. Fcap. doth. fi«. 



THE PEEACHING OF CHEIST, ITS 

NATURE AND OONSEQUENCE& By JAMES AUGUSTUS ST. JOHN. SmaU 8vo., 
sewed. If. 6<l. 



SAVAGE— BACHELOE OF THE ALBANY. A Novel 

By M. W. SAYAGE. Cheap Edition. Post 8vo., boards. 2s. 

THE FALCON FAMILY; or, YOUNG lEE- 

LANS. A Satirical NoreL Br U W. SAVAGE. Cbeai> EdltloD. Poet Sto., bouda. U. 

MY UNCLE THE CUEATE. 

By M. W. SAVAGE. Cheap Edition. Post 8vo., boards. 2t. 

CLOVER COTTAGE ; or, I CAN'T GET IN. 

A Novelette. By the Author of *The Falcon Family/ &c. With Illustrations. In 
fcap^ 8vo., doth. 6«. 
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SHAEPE^S ATLAS : 

Comprifling Ftf ty-four Mapt, oonstnicted npon a STstem of Scate aad Proportioa from 
the most recent AuthorlUes, and Engraved on Steel, by J. WILSON Ii)W£Y. ■ With 
a Copious Oonsalting Index. In a large folio yolome. Half morocco, gilt back and 
edges, plain, 36<. ; or with the maps coloured, 42t. 



aOHTBNTS. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
U. 
13. 
14. 
15. 
16. 
11. 
18. 
19. 

20. 

21. 

22. 
23. 
24. 
25. 
26. 
27. 



The World— Western Hemisphere. 

The World— Elastem Hemisphere. 

The World— Mercator's Projection. 

Europe, with the Mediterranean. 

Great Britain and Ireland. 

England and Wales— Railway Map.North. 

England and Wales— Rail wiiy Map,Soath. 

Scotland. 

Ireland. 

France— Belginm— Switserlaod. 

Belgium and Holland. 

Pnusia, Holland, and Gknnan States. 

Switzerland. 

Austrian Empire. 

Turkey and Greece. 

Greece. 

ItalT. 

Spam and Portugal. 

l<orthem Sweden, and fVontier of 

Russia. 
Denmark, Sweden, and Russia on the 

Baltic. 
Western Rossia, from the Baltic to the 

Euzine. 
Russia on the Euxine. 
Russia on the Caucasus. 
Russia in Europe. 
Northern Asia— Asiatic Russia. 
South- West. Asia— Overland to India. 
South-fiastem Asia-^Birmah, China, 

and Japan. 



28. Australia and New Zealand. 

29. Egypt and Arabia Petnea. 

30. Nubia and Abyssinia to Babel Mandeb 

Strait. 

31. Asia Minor. 

32. Syria and the Turkish Provinces on the 

Persian Gulf. 

33. Western Persia. 

34. Eastern Persia. 

35. Affghanistan and the Piu^ab; 

36. Beloochistan and Scinde. 

37. Central Indta. 

38. The CarnuUc 

39. Bengal, &c 

40. India— General Map. 

41. North Africa. 

42. South Africa. 

43. British North America. 

44. Central America. 

45. United States— General Map. 

46. United States— North-East. 

47. United States— South-East 

48. United States— South-West. 

49. Jamaica, and Leeward and. Windward 

Islands. 

50. Mexico and Guatemala. 

51. South America. 

52. Colombian and Peruvian Republics, and 

Western BraziL 

53. La Plata. Chili, and Soathem Brazil. 

54. Eastern Brazil. 



The above Maps are sold Separately. Each Map, Plain, id. ; Coloured, 6(2. 

SHAEPE— STUDENT'S ATLAS. 

With a Copious Index. 26 Coloured Maps, selected (from the preceding. Folio, half- 
bound. 2l«. 

SLACK — THE PHILOSOPHY OF PROGRESS IN 

HUMAN AFFAIRS. By HENRY JAMES SLACK, F.G.S,, Barrister-at-Law. Post 
8vo., doth. 6s. 

SMITH (ARTHUE)— THE THAMES ANGLEE. 

By ARTHUR SMirH. With Numerous Woodcuts. Second Edition. Small post 8vo. 
sewed, is. 



(ALBERT)— WILD OATS and DEAD LEAVES. 



By ALBERT SMLl^. Second Edition. Crown 8vo., cloth, bs. 



TO CHINA AND BACK: 



BEINa A DIABT KEPT OUT AND HOME. Bj ALBERT StSXIB, 8T0, ami. It. 
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SMITH (KEV. JAMES)— THE DIVINE DKAMA OP 

HISTOKT Am) CIVILIZATIOK. By the Rev. JAUES SHITH. 8to., dotli. lit. 

(MES.) — PRACTICAL AND ECONOMICAL 

OOOKERY, with a Series of Bills of Fare ; 'also. Directions on Carving, Trassing, &c. 
By Mrs. SMITH, many years professed Cook to most of the leading fiunilies in the 
Metropolis. Post 8vo., cloth. 5«. 6d. 

STIGANT— A VISION OF BAEBAKOSSA, and OTHER 

FOEHS. By WLLUAM STIGANT. Fcap. Svo., doth. t>. 

TALES OF THE TEAINS : 

Being some CHAPTEBS OF RAILKOAD ROMANCE. By TILBUBY TRAMP. 
With Nmnerous lUustrations by 'PHIZ.' Fcap. boards. New EdiUon. U. 6d 

TAYLOR— PHILIP VAN ARTEVELDE. By HENRY 

TAYLOR. Sixth edition. Fcap. Svo. doth. 3f.6d. 

EDWIN THE FAIE ; ISAAC COMNENUS ; 

THE EVE OF THE CONQUEST, AND OTHER POEMS. By HENRY TAYLOR. 
Third edition. Fcap. Svo. cloth. 3s. 6<2. 



THACKERAY— THE IRISH SKETCH-BOOK. 

By M. A. TfllMARSH. Third Edition, Uniform with Thackeray's 'MisceUaneons 
Essays.' In crown Svo., cloth, with Ulustrations. 5<. 

- NOTES OF A JOURNEY FEOM CORN- 



HILL TO GRAND CAIRO, BY WAY OP LISBON, ATHENS, CONSTANTINOPLE, 
AND JERUSALEM. By W. M. THACKERAY. With a Coloured Frontispiece. 
Second EditimL Small 8vo., cloth. 6«. 



CHRISTMAS BOOKS: 



Contafaiing 'MRS. PERKINS' BALL,' 'DR. BIRCH,' «OUR STREET.' Cheap Edition. 
In one square volume, cloth, with all the original Ulustratioiis. 7«. 64, 

THURSTAN— THE PASSIONATE PILGRIM; 

Or, EROS AND ANTEROS. By HENRY J. THURSTAN. Crown 8vo., doth. 8*. 6(2. 

TILBURY NOGO ; 

Or, PASSAGES IN THE LIFE OF AN UNSUCCESSFUL MAN. By the Author of 
*Digby Grand.' 2 vols, post Svo., doth. 21«. And New Edition, 1 voL crown 
Svo. 6<. 

TOWNSHEND — DESCRIPTIVE TOUR IN SCOT- 
LAND. By CHAUNCY HARE TOWNSHEND. With twelve lUuatraUons. Svo. 
doth. d«. 

SERMONS IN SONNETS : 

WITH A TEXT ON THE NEW YEAR: and other Poems. By CHAUNCY HAKE 
TOWNSHEND. Small Svo. cloth. 1s,6d. 
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TOWNSHEND— THE THREE GATES. 

m VERSE. By CHAUNCT HABE TOWNSHEND. Second Edition, with additions 
andlVxrtnit. Post 8yo. cloth. 10t.6d. 

TROLLOPE (ANTHONY) — ORLEY FARM. 

Illustrated l^ J. £. MnxAis. In Monthly Parts, price One Shilling each. Vol L, hand- 
somely bound, price 11«. 

TALES OF ALL COUN- 

TRIES. 1 yoL post 8va lOf . 6dL 

THE MACDERMOTS OF 



fiALLTCLORAN. By ANTHONY TROLLOPE. New and Cheaper Edition. Crown 
8TO. doth. 6s. 



- CASTLE RICHMOND. A 



Novel, ^y ANTHONY TROLLOPE. Three vols, poet 8vo. cloth. 3l«. ed. 
Also, A NEW AND CHEAPER EDITION. Crown 8vo. cloth. 6s, 

THE KELLYS AND THE 



O'KELLYS. By ANTHONY TROLLOPE. Third Edition. Post 8vo. doth. 6». 

THE WEST INDIES AND 

THE SPANISH MAIN. By ANTHONY TROLLOPE. Fourth Edition, with Map. 
Post 8yo. doth. 9<. 



DOCTOR THORNE. 



A NoveL Br ASraaSY TBOIXOPE. Sixth Edldon. Crown Sto. doth, it, 

THE BERTRAMS. 



A Novel. By ANTHONY TROLLOPE. Second Edition. 3 vols, post 8vo. doth. 31f. 6d. 
AJso, Fifth Edition. Crown 8vo. cloth. 5<. 

TROLLOPE (T. A.)— PAUL THE POPE AND PAUL 

THE FRIAR: A STORY OF AN INTERDICT. By THOMAS ADOLPHUS TROL- 
LOPE. With a Portrait. Poet 8vo. doth. 12t. 

FILIPPO STROZZL A Biography. 



By THOMAS ADOLPHUS TROLLOPE. Poet 8vo. cloth. 12s, 

THE GIRLHOOD OF CATHE- 
RINE DE* MEDICI. By T. ADOLPHUS TROLLOPE. In 1 voL post 8vo. doth. 10s. 6<Z. 

A DECADE OF ITALIAN 

WOMEN. By THOMAS ADOLPHUS TROLLOPE. With Portraits. 2 vols, post Svo. 
cloth. 22s, 

TUSCANY in 1849 and in 1859. 



By THOKAS ADOLPHUS TBOIXOPE. Post Sto. cloth. l(U.td. 



Ik. 
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TEOLLOPE (THEODOSIA) - SOCIAL ASPECTS OP 

REVOLUTION, IN A SERIES OF LETTERS FROM FLORENCE. Reprinted from 
the ' Athenseum.' With a Sketch of Sabeequent Events up to the Present Time. By 
THEODOSIA TROLLOPE. Post 8yo. cloth. 8s. 6d. 



TWILIGHT THOUGHTS. By M. S. C, 

Author of * Little Poems for Little People.' Second Edition, with a Frontispiece. Fcap. 
doth. U. 6(1. 



TWINING— THE ELEMENTS OF PICTUEESQUE 

SCENERY; or, STUDIES OF NATURE MADE IN TRAVEL, with a View to Im- 
provement in Landscape Painting. By HENRY TWINING. VoL 11. Imp. Svo. cloth. 88, 

WALMSLEY — SKETCHES OF ALGEEIA DURING 

THE KABYLE WAR. By HUGH MULLENEUX WALMSLEY. Post Svo. doth. 
lOs. 6d. 



WAYFARING SKETCHES AMONG THE GEEEKS 

AND TURKS, AND ON THE SHORES OF THE DANUBE. By a Seven Years* 
Resident in Greece. Second Edition. Poet Svo. cloth. 9«. 



WHIST-PLAYEE (THE). 

THE LAWS AND PRACTICE OF SHORT WHIST. ExPLAnnsD asd Illustsatbd 
BT COLONEL BLYTH. With numerous Diagrams printed in Colours. Imp. 16mo. 
Second Edition. 5«. 



WHITE— ALL BOUND THE WBEKIN. 

By WALTER WHITE. Second Edition, post Svo.'doth. 9«. 



NOETHUMBEBLAKD AND THE BOBDEE. 



By WALTER WHITE. Second Edition. With a Map. Post Svo. cloth. KX. 6d. 



A MONTH IN YOBKSHIEE. 



By WALTER WHITE. Fourth Edltton. WlUiallap. Ftnt 8T0. doth. 4t. 



A LONDONEE'S WALK TO THE LAND'S 



END, AND A TRIP TO THE SCILLY ISLES. Second Edition. Post Svo. doth. 
With four Maps. is. 



A JULY HOLIDAY IN SAXONY, BOHE- 

MIA, ASD SILESIA. By WALTER WHITE. P«ist8TO.eIoth. »$. 
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WHITE— ON FOOT THEOUGH TYROL ; 

IN THB SUMMER OF 18M. By WALTER WHITE. Pott 8vo. cloth. 9s, 

WILKINSON (J. J. G.) — THE HUMAN BODY AND ITS 

CJONNEXION Wrra MAN. Illustrated by the principal Organs. By JAMES JOHN 
GAKl^ WILKINSON. Font Sra cloth. 6«. 

WILKINSON (W. M.) — THE REVIVAL IN ITS PHY- 

SICAL, PSYCHICAL, AND RELIGIOUS ASPEUfS. By W. M. WILKINSON. Second 
Edition. Small Sto. cloth. ■ 3t. Sd, 

WILLIAMS— HINTS ON THE CULTIVATION OF 

BRITISH AND EXOTIC FERNS AND LYCOPODIUMS; with Descriptions of One Hun- 
dred and Fifty Species and VarieUes. By BENJAMIN SAMUEL WILLIAMS. 8vo. 
doth. S«.6d. 

THE ORCHLD-GROWER'S MANUAL; 

Containing a Brief Description of upwards of Two Hundred and Sixty Orchidaceous Plants, 
together with Notices of their times of Flowering, and most approved Modes of Treatment, 
By BENJAMIN SAMUEL WILLIAMS. With a Coloured IfYontispieoe. 8to. cloth. 6f . 

WILLS — OLD LEAVES GATHEEED FEOM 'HOUSE- 
HOLD WORDS.' By W. HENBY WILLS. Post 8vo. cloth. 6«. 

WOKNUM — THE CHAEACTEEISTICS OF STYLES; 

An Introduction to the Study of the History of Ornamental Art By RALPH N. WOR- 
NUM. In royal 8vo. cloth, with very many Illustrations. Second Edition. S$. 

WRIGHT — A HISTORY OF DOMESTIC MANNERS 

AND SENTIMENTS IN ENGLAND DURING THE MIDDLE AGES. By THOMAS 
WRIGHT, M.A., F.S.A., Hon. M.R.S.L., &c.; Corresponding Member of the Imperial 
Institute of France (Academie des Inscriptions et Belles Lettres). Illustrated by upwanls 
of 300 Engravings on Wood ; with Illustrations from the Illuminations in Contemporary 
Manuscripts, and other sources, drawn and engraved by F. W. FAiaHOi.T, F.sA. lu 
1 VOL fcap. quarto, price 21«., bound in an appropriate ornamental cover. 

YONGE — THE LIFE OF FIELD-MARSHAL ARTHUR, 

DUKK OF WELLINGTON. By CHARLES DUKE YONGE. With Portrait, Plans, aad 
Maps. 2 vols. 8vo. doth. iOs. 

PARALLEL LIVES OF ANCIENT AND 

MOMJRN HEROES, of Epamtkokdas, Philip op Macedon, Gustavus Aimlphus, and 
FREWtMCK THIS Grkat. By CHARLES DUKE YC«?GE, Author of "A History of 
England,' &c Small 8vo. cloth, is. 6d. 

2SCH0KKE — AUTOBIOGRAPHY OF HEINRICH 

ZSCHOEKE. 8T0.clath. <>. 



CHAPMAN AND HALL, 193, PICCADILLY. 81 



PEBIODIOALS. 



ISTEW SEBL^Ii BY CHABIiES IiEVEB. 

To be oompleted in Twblvs Monthlt Pajets, each Put to contain Two lUustrations bj ' Pmz.' 

Just Published, P&rts L and II., One Shilling each, 

BABBINGTON. 

By Ghables Leveb, Author of ' Harry Lorrequer,' ' Charles CyMalley,' &c. 



In Monthly Vaiti, -with Two Uluslrttlons by J. K Millaib, Price One ShflUng each Part. 

ORLEY FARM. 

By Anthdkt Tbollope, Author of * Dr. Thome,' &c 

Volmne I., with 20 Illustrations hjJ.'E. Millais, handsomely bound iu Cloth, price lit., is 

Kow Beady. 



Published Monthly, Price 2t. 6d., 

BENTLEY'S MISCELLANY. 

No. 303, for 1st March, 1862, Just Published. 



Published Monthly, Price 3«. 6d., 

COLBUBN'S NEW MONTHLY 

MAGAZINE. 

Edited by W. Habbison Aikswobth, Esq. No, 495, for ist March, 1882, Just PubUihed. 



Published Quarterly, price 6c. 

THE NATIONAL REVIEW. 

No. XXVm. will appear on the Slst March, 1882. 
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BOOKS FOR THE ^^ USE •' SCHOOLS, 

mCSD DNDER THE tS§ 'O' i^a ^ ADTHMUTT Or THB 

SCIENCE AND ABT ^^^% DEPARTMENT, 

SOUTH P^ra^P^ KENSINGTON. 



TUB CHASACTFEBISTICS OF ST^USS. An Introduotiaii 

fa> the saa,] tl tbe B3b1ih7 oC OmuiKaUl An. B7 RAIJH N. WOBNUM. Seonxl 
Eawon, la roysl gTO., wtlh fcry mmy lUoitnUong. SI. 

BUBCHETT'S LnrEAB PEBSFBCTITE. ByE-BUBCHEPP, 

nftb EdlUon. FoUem Wttta niiulntioiu. U 

BUBCHsirrs DEFtnmoiirs of qbodcetrt. a4mo. 

BUBOHETT'S PBAOTICAXi OEOUBTBT. Fourtti Edition. 

im. cloth. Price &i. 

DTCE'B EIiElCBirFABT OTmiTNES OF OBNAMEXTF. 50 

Selected Plata, null fbllo, Hmd. Pria u. 

lE-S 
BEDQBATE OS THE NBCE8SITT OF FBISCTBUEB IN 

TEACaiHO DESiaN. Pup. K»ed. Price id. 

A DIAOBAIC TO ILLTTSTBATE THE BLABHONIOTTS BE- 

LATIONS OF COLOnB. Small Mto. Prt« Sd. 

PBEN-CIPLES OF DECOKA.TIVE ART. Folio, sewed. PrloelB. 
'LINIJIIET'B BTMMBTBT OF TEQETATION. Svo. uwed. 

Price II. , 

BOBOTSON'S IiECTTJBES OH TBIEl MnSEUM. Foap.sewod. 

Pries 61L 

AIT AXPKABET OF OOLOTJB. Beduoed from, the works of 
TBTiK'M'B'N'''' * "HT 



Field. Hit. GberreulL (Id. Kwed. Price 31. 
DIBEOTIONB FOB INTBODlTCrBra 

DRAWIHQ tS BCHOOIfl AND AMONQ WORKMEN. PnblUbeil II 
the Sodelj oT Arte. SauU 4lu. cloth. Price u. 6<(. 
m-USTBATIONS TO BE EMPLOTED IH" THB FBAC 

r-.^ . . . n. .^ . -„ Adaplal lo all clanes. Prepared for Uw South Ken- 

PIWF. HKSSLOW. With LlmDatlDiB. Poet Kto. 

SBAWINO FOB EI.EMENTABT BCHOOIjS : Being a Uannal 

of the Helbod of Teachlns Drawing. specUllr adaptal lor the Usa at Mailen of NaOoiul 
Mid Puoollll] Bcbooli. ij ELLIS A. DAVIOSOH. Head HaiUi of the ChesMr School 
or An. Pablidud uider tlis wdcUod of the Sdeoce and An Department of tha Cnn- 
mlttee of ComicU of BdncaUoa. Poit jto. doth. 31. 

EHJBKEBTS OF aEOUETBICAI, DHAWINO- ; or Fraotioal 

OeometTjfPlaoe aod Solid, iD'*"" — '"'■^ '*-'*' ^' -"* *' — "-''---'— ^' — 

tinted by Stall Plate*, engra' 
BRADl^V. of the Royal N 
l>rawliigat KlDc'a Coll>«e. Loodoa. Pobllgfai 
In Tmo Parle. oWOBg (Olio, cloth, lei. ach. 
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